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Abstract 

A new type of semiconductor laser (patent pending) is demonstrated 
from optically-initiated current filaments in high gain photoconductive 
semiconductor switches (PCSS). The electron-hole plasma at the center of the 
current Jilaments in semi-insulating GaAs structures is used as the active 
region in optical cavities built around the filaments. Four device 
contgurations were fabricated and results from two configurations have shown 
Jive properties which demonstrate optical ampltjkation +om stimulated 
emission: high intensity, temporal pulse compression, spectral narrowing, light 
versus current thresholds, and low beam divergence. These miniature electron- 
hole plasma based lasers are not limited in volume by the d@ksion length that 
limits one dimension of conventional, carrier-injected semiconductor lasers. 
Their comparatively larger diameters imply higher energies and reduced 
divergence in d@action-limited devices which are consistent with our 
“exploratory ” results. Potential applications include active optical sensing 
and imaging, micro-machining, short pulse optical communication, and 
permanent optical memory. 
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Conclusions 

Compact short-pulse lasers are important for: active optical sensors (LADAR, 
range imaging, imaging through clouds, dust, smoke, or turbid water), triggering high 
power electrical switches, direct optical ignition of fuels and explosives, permanent optical 
recording, and micro-machining. We have invented a new class of semiconductor laser 
that can potentially produce brighter and higher energy optical pulses than conventional 
injection-pumped semiconductor lasers because this new laser is not limited in volume or 
aspect ratio by the depth of a p-n junction. We have tested current filament semiconductor 
lasers that have produced 75n.I of 890nm radiation in 13s (50W peak), approximately ten 
times more energy than conventional semiconductor lasers. These lasers are created from 
current filaments in semi-insulating GaAs and, in contrast to conventional semiconductor 
lasers, are not based on current injection. Instead, low-field avalanche carrier generation 
produces a high-density, charge-neutral plasma channel with the required carrier density 
distribution for lasing. 

Lasing has been demonstrated by measuring five characteristic properties: high 
beam intensity, pulse compression, spectral narrowing, lasing thresholds, and low beam 
divergence. The distinct properties of filament formation influence some of the properties 
such as multi-mode spectral and low beam divergence. Devices have been designed, 
fabricated, but not tested to improve operation by physical carrier and photon confinement. 
The development of conventional semiconductor lasers has taken forty years. Our results 
were achieved in less than three years. 

In future experiments, carrier confinement and other fabrication techniques that 
have been successfully applied to CSL should be applied to CFSL. Much larger devices 
should be tested to see if high total energies and lower divergences are achieved. GaN and 
other semiconductors should tested to see if filament formation and similar light emitting 
and lasing devices are possible. The possibilities tested during the two and one half year 
duration of this project were very limited and the potential of the class of semiconductor 
lasers has only begun to be realized. Further diagnostics to resolve the electrical and 
optical properties of the current filaments in space, time, and energy are being developed. 
The evolution and spatial and energy distribution of the filament carrier density is a 
difficult problem to model and more information is critical to the understanding of these 
phenomena. Some of this information could be obtained with measurements of the optical 
pulse width versus filament current, time-resolved emission intensities and spectra, beam 
polarization dependences, and devices with multiple filaments for lasing. Plasmas in 
general are very difficult to control because of their statistical and chaotic formation and 
their high density and energy. The current filaments in high gain PCSS are a unique 
exception because their timing and location can be controlled very precisely with the 
optical trigger. They are an ideal environment for exploring and influencing the properties 
plasmas. 
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Appendices: Laboratory Signal Analysis Software for Matlab@ 

The following appendices contain some of the software which was developed to process 
and analyze data taken to explore the properties and operating characteristics of PCSS and 
CFSL. They are written in the form of macro (“m”) files for MatlabO, a high level language 
produced by The Mathworks, Inc. (copyright 1984-2001) and widely used by engineers and 
other scientists to process lists and tables of numerical data. 

A. Beam profding: beampars and beamlist 

B. Beam divergence: divplot and beamdiver 

C. Spectral sensitivity and background corrections: specfix, specgain, specdir, plotsfix, 
flspplot, and flanyl 

D. Waveform digitizer data analysis: getdata, plotdata, addata, plotcurve, addcurve, 
plotlist, and plotshif 
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Appendix A. Beam profiling: beampars and beamlist 

BEAMPARS - calculate laser profile parameters from an image file 

%bpar=beamDars(imf,ptitle,bcut,plims,skipplts,pdims,punits,epz,eunits) - FJZ 3/20/00 
% 
% plots and calculates laser profile parameters from an image file 
% (bit-mapped or BEAMCODE file) 
% See also: beamlist, divplot, and beamdiver 
% 
% input: imf = image file name (if omitted a selection window opens) 
% Presently, the only formats are: 
% 1. bit-mapped, 8-bit (BEAMCODE image only) 
% 2. BEAMCODE data file (includes header & bkg) 
% ptitle = an optional plot title 
% bcut = background cut-off. (zero if omitted) 

This value is subtracted from the image and all 
negative intensities are zeroed. 

plims = the pixel range to be imaged [rowmin,rowmax,colmin,colmax] 
skipplots = non-zero, not empty to skip plots 
pdims = the pixel dimensions [horizontal,vertical] 

If omitted, obtained from file header or [1,11 . 
punits = pixel dimension units 
epz = energy per z '(image height) or the unit energy of a pixel 

If omitted, 1 is used. 
% eunits = energy units 
% 
% output: 
% bpar.image=the 2-d matrix image 
% bpar.bkg=the background image (if it was saved) 
% bpar.header=the header info 
% bpar.imdims=the image dimensions [rows,columns] 
% bpar.imsize=the image size [horizontal,verticall 
% bpar.pdims=the pixel dimensions [horizontal,vertical] 
% bpar.punits=the pixel dimension units 
% bpar.epz=the energy per z 
% bpar.eunits=the energy units 
% bpar.bcut=the background cut-off 
% bpar.centroid=the centroid ($intens[x yldxdy/A) [horiz.,vert.l 
% bpar.centpix=the centroid [row,coll 
% bpar.peakloc=peak location ($intens^4[x yldxdy/A) [horiz.,vert. 1 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

bpar.peakpix=peak location [row,coll 
bpar.panxy=the BEAMCODE pan x & y offsets 
bpar.max=max value 
bpar.min=the min value 
bpar.fract=[O .Ol .1 l/e .5 .9] 
(the fraction of the amplitude used for diameters and energies) 
bpar.ht=bpar.fract*(max-min) + min 
(the amplitude used for diameters and energies) 
bpar.dia=the equivalent diameter at bpar.ht or bpar.fract 
bpar.diap=the equivalent diameter at . . . in pixels 
bpar.energy=the energy inside the bpar.ht contours 
bpar.rise=the average lo-90 spatial rise length 

%bpar=beampars(imf,ptitle,bcut,plims,skipplts,pdims,punits,epz,eunits) - FJZ 3/20/00 
function bpar=beampar(~mf,ptit,bcut,plims,skipp,pdims,punits,epz,eunits) 
if -exist('eunits') eunits=' '; end; 
if notarg(eunits,O) eunits=' '; end; 
if -exist('epz') epz=l; eunits=' I; end; 
if notarg(epz,O) epz=l; eunits=' '; end; 
if -exist('punits') punits=' I; end; 
if notarg(punits,O) punits=' '; end; 
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if -exist('pdims') pdims="; punits=' '; end; 
if notarg(pdims,O) pdims="; punits=' '; end; 
if -exist('skipp') skipp=O; end; 
if notarg(skipp) skipp=O; end; 
if -exist('plims') plims=[l; end; 
if notarg(plims,O) plims= [I; end; 
if -exist('bcut') bcut=O; end; 
if notarg(bcut) bcut=O; end; 
if -exist('ptit') ptit="; end; if notarg(ptit,O) ptit="; end; 
if -isempty(ptit) ptit=[' : ',ptitl; end 
if -exist('imf') imf="; end; 
bkg= [I; pans= [I; 
[im,bkg,hl=getbcim(imf); 
if isempty 

disp('Image file not found. BEAMPARS exiting.') ; 
return; 

end 
if bcut-=O im=(im-bcut).*(im>bcut);end 
if -isempty(plims) % limit the image size 

plims=max(l,plims); 
plims(2)=min(plims(2),size(im,l)); 
plims(4).=min(plims(4),size(im,2)); 
im=im(plims(l):plims(2),plims(3):plims(4)); 

end 
bpar.image=im; 
bpar.bkg=bkg; 
bpar.header=h; 
bpar.imdims=size(im); 
if isempty (plims) 

bpar.plims=[l bpar.imdims(l) 1 bpar.imdims(2)); 
else . 

bpar.plims=plims; 
end 
if strcmp(upper(h{5}), 'BEAMCODE') 

if isempty(pdims) pdims=h{9}; end 
punits=h{lO}; 
pans=h{l3}; 

end 
if isempty(pdims) pdims=[l,ll; end 
bpar.imsize=bpar.imdims([2 11) .* pdims; 
bpar.pdims=pdims; 
bpar.punits=punits; 
x=((l:bpar.imdims(2))-.5)*pdims(l); %column values [horizontal] 
y=((l:bpar.imdims(l))-.5)*pdims(2); %row values [vertical] 
bpar.xax=[x(l),x(bpar.imdims(2))1; 
bpar.yax=[y(l),y(bpar.imdims(l))l; 
bpar.epz=epz; 
bpar.eunits=eunits; 
bpar.bcut=bcut; 

% calculate parameters 
centr=centroid(im); 
bpar.centroid=centr.*pdims; 
bpar.centpix=centr( [2 11); 
peakloc=centroid(im.^4); -. 
bpar.peakloc=peakloc.*pdims; 
bpar.peakpix=peakloc([2 11); 
bpar.panxy=pans; 

bpar.max=max(max(im)); 
bpar.min=min(min(im)); 
bpar.fract=[0,0.01,.1,1/exp(1),.5,.91; 
bpar.ht=bpar.fract*(bpar.max-bpar.min) + bpar.min; 
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l 

for i=l:length(bpar.ht) 
area=sum(sum(im>=bpar.ht(i)))*pdims(l)*pdims(2); 
bpar.dia(i)=2*sqrt(area/pi); 
end 
bpar.diap=bpar.dia/sqrt(pdims(l)*pdims(2)); 

for i=l:length(bpar.ht) 
l 

bpar.energy(i)=sum(sum(im.*(im>=bpar.ht(i))))*epz; 
end 
bpar.rise=(bpar.ht(6)-bpar.ht(3) )*epz/(bpar.dia(3)-bpar.dia(6) ); 

%create graphs 
if punits(l)=='u' punits=['\mu',punits(2:length(pun i 

if skipp return; end 

ts))l; end 

% image 
if any(get(O,'Children')==l); delete(l); end; 
figure(l); 
imagesc(x,y,im); 
axis image 
fpos=get(gcf, 'position'); ipos=get(gca,'position'); 
set(gcf, 'position', [fpos(i:2),fpos(4)*ipos(3)/ipos(4) ,fpos 
if pdims(l)-=l & punits-=' '; xlabel(['(',punits,')'l);end 
if pdims(2)-=1 & punits-=' I; ylabel(['(',punits,')'l);end 
title(['2-D Image',ptitl); '. 
cornlab(h{l:2}) ; 
boldplot(2,14,12,IO); 

(4)l); 

% contours 
if any(get(o,'Children')==2); delete(a); end; 
figure(a); 
contourf(x,y,im,l5); 
axis image; set(gca,'ydir','reverse'); 
fpos=get(gcf,'position'); ipos=get(gca,'position'); 
set(gcf,'position', [fpos(1:2),>f pos(4)*ipos(3)/ipos(4),fpos(4)1); 
if pdims(l)-=l & punits-=' '; xlabel(['(',punits,')'l);end 
if pdims(2)-=l & punits-=' I; ylabel(['(',punits,')'l);end 
title(['Contours',ptitl); 
cornlab(h{l:2}); 
boldplot(2,14,12,IO); 

% 3-d linear profile 
if any(get(O,'Children')==3); delete(3); end; 
figure(3); 
surf(x,y,im); shading interp; hold on 
contour3(x,y,im,bpar.ht([3 4 5 6l),'k'); hold off 
set(gca,'ydir','reverse'); 
a=axis; axis image; b=axis; b(5:6)=a(5:6); axis normal; axis(b); 
if pdims(l)-=l&punits-=I I; xlabel(['(',punits,')']);end 
if pdims(2)-=l&punits-=' '; ylabel([~(',punits,~)~l);end 
title(['3-D Profile',ptitl); 
cornlab(h{l:2}); 
boldplot(2,14,12,10); 

. 

% 3-d logarithmic profile 
if any(get(O,'Children')==4); delete(4); end; 
figure(4); 
surf(x,y,im); shading interp; hold on 
contour3(x,y,im,bpar.ht([3 4 5 6l),'k'); hold off 
set(gca,'ydir','reverse'); 
set(gca,'zscale','log'); 
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axisnear; 
a=axis; axis image; b=axis; b(5:6)=a(5:6); axis normal; axis(b); 
if pdims(l)-=l&punits-=' '; xlabel(['(',punits,')'l);end 
if pdims(2)-=l&punits-=' '; ylabel( [I (',punits, ') '1);end 
title(['3-D Logarithmic Profile',ptitl); 
cornlab(h{l:2}); 
boldplot(2,14,12,10); 

figspred(l:4, [lo 2301,[448 101); 

%bc=cm(:, cm(2,cm(2,1)+2)+2+cm(2,1)+2:cm(2,cm 
% cm(2,cm(2,cm(2,1)+2)+2+cm(2,1)+1)); 

(2,1)+2)+2+cm(2,1)+ l+... 

%cm=contourc(c,cv); 
%cv=[mn+.l*r,mn+.5*r,mn+.9*rl 
%mn=min(min(c));mx=max(max(c) 

48 

; r=mx-mn; 

April 200 1 



BEAMLIST - calculates and saves beam parameters using beampars for a list of files 

%[lpars,pls,dias,esl=beamlist(filelist,filesave) FJZ 3/20/00; 
% calculates beam parameters using "beampars" for a list of files 
% U'filelist" is a list (or matrix) of filenames 
% Utfilesavelq is an optional filename to save the results 
% "1 P ars" is a structured variable containg the list of parameters 
% "pks " is a matrix of peak locations (pixels) with one row per file 
% tUdiastU is a matrix of beam diameters with one row per file 
% "es" is a matrix of beam energies with one row per file 
% (The l*fractlB or "ht" substructures define the diameters and energies. 
% (See also: beampars, divplot, beamdiver) 
function [lp,pks,dias,es]=beamlist(filelist,filesave) 
if -exist('filesave','var') filesave="; end 
if notarg(filesave,O) filesave=' I; end 
if -exist('filelist','var') filelist="; end 
if notarg(filelist,O) filelist=' '; end 

if isempty(filelist) 
disp('Select filenames. Press cancel to exit.'); 
[fn,path]=getfile('*.dat',-1); 
if isempty disp('No filenames selected. "beamlist" exiting.'); return; end 
filelist=[path lower(fn)l ; 

end 
if iscell(filelist) filelist=strvcat(filelist); end; 
if isempty(filelist) disp('No fil'enames found. "beamlistt' exiting.') ; disp(filelist); 
. . . 

return; end 

[nr,nc]=size(filelist); 
if nrcl disp('Empty filelist. tObeamlistUt exiting.'); return; end 
if isempty(findstr('.',filelist(l,:))) 

filelist=[filelist repmat('.dat',nr,l)l; 
end 
lp=[l; 
for i=l:nr 

bp=beampars(filelist(i,:),","," ,-1) %calculate beam parameters w/o plotting 
il=max(findstr('\',filelist(i,:)))+l; 
if isempty(i1) il=l; end 
i2=min(findstr('.',filelist(i,:)))-1; 
if -isempty 

if ilcl 1 i2cl 1 il>i2 1 il>nc 1 i2>nc 
disp(['Could not treat a field name from: ',filelist(i,:)l); return; 

end 
disp(['Creating lpars.',filelist(i,il:i2)l); 
disp(' I); 
bp=rmfield(bp,'image'); 
bp=rmfield(bp, 'bkg'); 
lp=setfield(lp,filelist(i,il:i2),bp); 

end- 
end 
fn=fieldnames(lp); 
pks= [I ; for i=l:nr pks=[pks;getfield(lp,fn{i},'peakpix')l; end 
dias=[l; for i=l:nr dias=[dias;getfield(lp,fn(ij,'dia')3; end 
es= [I ; for i=l:nr es=[es;getfield(lp,fn{i},'energy')l; end 
if -isempty(filesave) 

save(filesave,'lp'); 
disp(['Results saved. To retreive enter "load ',filesave, I”. ‘I) ; 

end 
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Appendix B. Beam divergence: divplot and beamdiver 

DIVPLOT - creates divergence plots from data saved with beamlist and beampars 

%divolot FJZ 3/21/00 
% generates divergence plots (see also: beamdiver, beampars, beamlist) 
% There are four possible calling sequences: 
% 
%l. divplot(y,nl,n2) e.g. divplot([-3,-2,-1,0,1,2,3],220,289) 
%Assuming the images are in groups at the same camera positions "y", 
%the file names will be generated FL[n] .dat where n=nl:n2. There must be 
%a set of image files for each value of y (ng=length(y)), and the number 
%of images in each group must be npg=(n2-nl+l)/ng. 
% 
$2. divplot(y,nl,n2,ny) e.g. divplot([-2,-1,0,1,2],220,242,[5,5,4,4,51) 
%Same as 1. except the number of images at each location (npg) varies and 
%is given in ny. Rules are: length(ny)=length(y) and sum(ny)=n2-nl+l 
% 
%3. divplot(y,fl) e.g. divplot([-2,-1,0,1],{{~al~,~a2','a3'},{'bl','b2'},...}) 
%When the above naming convention is not followed, then the names can be 
%passed in a double cell array. In this case, y contains the camera positions 
%and fl is a a double cell array with the image file names at each position 
%grouped together in one cell. 
% e.g. fl={{~flpl.dat~,1f2pl.dat',~f3pl.dat~},... 
% {'flp2.dat','f2p2.dat1,'f3p2.dat','f4p2.dat'},... 
% 
% {'flpn:dat', 'f2pn.datV}} 
% The file names can be arbitray lengths and the number of files at each location 
% can vary. The only requirement is that the number of values in y corresponds to 
% the number of groups of names (i.e. camera positions). 
% 
%4. divplot 
%When the results from a previous run exist (diverge.mat), a call without 
%arguments will reproduce the plots and tables. 
function divplot(y,nl,n2,ny) 

i 

if exist('ny') 
caseno=l; 
ng=length(y); 
npg=ny; 
if length(npg)-=length(y) 

disp('The 1st (y) and 4th (ny) arguments do not have the same length.'); 
help divplot 

return; 
end 
%generate the filenames 
nlast=nl-1; 
for ig=l:ng 

n=nlast+(l:npg(ig)); 
nlast=n(end); 
if max(n)>n2 

disp('The file number generated from tlnytl exceeds tUn2tV.1); 
disp(['last group numbers = I,num2str(n)]); 
disp(['nl, n2 = ',num2str([nl n2])]); 
help divplot 
return; 

end 
fl{ig}=[repmat('FLU ,npg(ig),l),num2str(n.'),repmat('.dat',npg(ig),l)l; 

end 
elseif exist('n2') 

caseno=l; 
ng=length(y); 
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return; 
end 
%generate the filenames 
for ig=l:ng 

n=nl-l+(ig-l)*npg+(l:npg); 
fl{ig}=[repmat(~FL~,npg,l),num2str(n.'),repmat('.dat~,npg,l)]; 

end 
elseif exist( Inll) 

caseno=3; 
fl=nl; 
if length(y)-=size(fl,2) 

disp('The number of filename groups -= the number of positions.'); 
return; 

end 
npg= [I; 
ng=length(y); 
for i=l:ng 

npg(i)=length(fl{i}); 
end 

elseif exist('y') 
disp('Camera positions (y-values) must be accompanied by file names or numbers.'); 
return; 

else 
if exist('diverge.mat','file') 

caseno=l; 
load diverge %if already saved 

else 
disp('The results file (diverge.mat) was not found.'); 
return; 

end 
end 

%calculate beam parameters for-all files and save in groups 
if casenocl 

for ig=l:ng [l{ig),p{ig},d{ig),e{ig)l=b eamlist(fl{ig},fl{ig)(l,l:end-4)); end 
end 

[sy,isyl=sort(y); 
ly=length(y); %number of camera positions 
fnames=[fl{l} (l,l:end-4),U-',fl{end} (end,l:end-411; 
fdate=getfield(l{l},subsref(fieldnames(l{l}) ,substruct(U{}1,{2})),'headerU,{2}); 
fdate=fdate{l}; 
ng=length(fl) ; %number of image groups (should equal ly) 
if (ng-=ly) 

disp('Number of camera positions (y) -= number of image groups (fl).') 
return; 

end 
for ig=l:ng 

npg(ig)=size(fl(ig},l); Onumber of images per group 
end 
maxe=[I; 
for iy=l:ly maxe=[maxe,max(max(e I 
maxe=max(maxe) ; 

iy}))l; end 

% plot diameters 
figure(l); elf; box; hold on;hp= 
col='bmkgrcbmkgrc'; 

[I i 

for id=3:6 for iy=l:ly plot(repmat(y 
end 

iy) ,npg 

for id=1:6 md{id}=[]; for ig=l:ng md id}=[md 

iy),l),d{iy}(:,id),[~x~,col(id)l); end; 

id}:mean(d{ig}(:,id))]; end; end 
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I 

for id=3:6 hp(id)=plot(sy,md{id}(isy),['-',col(id)l); end 
title('Filament Laser Divergence'); 
xlabel('Camera position (mm) I); 
ylabel('Beam Diameter (\mum) I); 
axisnear; ax(inf,inf,O); 
cornlab(fnames,fdate,'0.5 mm','quasi-vertical'); 
labelcurve([~l0%';'l/e';'50%';~9O%'],O,hp(3:6)); 
boldplot(1,16,14,12); 

% plot energies 
figure(a); elf; box; hold on 
for id=3:6 for iy=l:ly plot(repmat(y(iy),npg(iy),l),e{iy} (:, 

['+' ,col(id)l); end; end . . 
id)/maxe, . . . 

for id=1:6 me{id}=[l; for ig=l:ng me{id}=[me{id},mean(e{ig}(:,id))l; end; end 
for id=3:6 hp(id)=plot(sy,me{id}(isy)/maxe,['-',col(id)l); end 
title('Filament Laser Energies'); 
xlabel('Camera position (mm) I); 
ylabel('Beam Energy (relative) I); 
axisnear; ax(inf,inf,O); 
cornlab(fnames,fdate,'0.5 mm' 
labelcurve([110%';'l/e';'50%' 
boldplot(1,16,14,12); 

'quasi-vertical'); 
'9o%'l,O,hp(3:6)); 

figspred(l:2,[5,2751, [460,101) ; 

if casenoe4 
save diverge fl 1 p d e y md'me 

end 

% tabulate mean diameters 
fns=[l; 
for iy=isy 

fns=[fns;fl{iy}(l,l:end-4),~~-~,fl{iy}(end,l:end-4)l; 
end 

disp(' I); 
disp(l I); 
disp(' I); 
disp([' mean diameters (mm): ',fnames,' I,fdatel) ; 
disp(' I); 
disp(' files position \ energy-s 0% 1% 10% l/e 
90%') ; \, 
dtab=cat(l,md{:}).'; 
disp([repmat(' l,ly,5),fns,repmat(' ',ly,l),num2str(sy.','%5.2ft),... 

repmat(' ~,ly,7),num2str(dtab(isy,:)/lOOO,'%9.3f')l); 

% tabulate mean energies 

50% 

, 

disp(' I); 
disp(' I); . 
disp(' '); 
disp( 1' mean energies (/lOOO): ',fnames, ' ',fdatel); 
disp(' I); 
disp(l files position \ energy-> 0% 1% 10% l/e 50% 
90%') ; 
mtab=cat(l,me{:}).'; 
disp( [repmat(' t,ly,5),fns,repmat(' ',ly,l),num2str(sy.','%5.2f'),... 

repmat(' ~,ly,7),num2str(mtab(isy,:)/lOOO,'%9.3f')l); 

4 % calculate and tabulate divergences from mean diameters & Y 
for iy=l:ly-1 

diva(iy,l:5)=36O/pi*atan(abs((dtab(isy(iy+l),2:end)-dtab(isY(iY),2:end))..- 
/(sy(iy+l)-sy(iy)))/2000); 

end 
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disp(' I); 
disp(' 'I; 
disp(' I); 
disp( I divergence angles from mean diameters for adjacent positions'); 
disp([' ',fnames, I ',fdate]) ; 
disp(* 'I; 
disp(' files position \ energy-> 1% 10% l/e 50% 90%') ; 
disp( [repmatl' l,ly-1,5),fns(l:end-l,:),repmat(' !,ly-l,l),... 

num2str(sy(l:ly-1).','%5.2f'),repmat( ',ly-1,7),num2str(diva,'%9.3f1)l); 
disp(l 'I; 
disp(l I); 

disp(' I); 
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BEAMDIVER - tanslates beamdivergence between NA, f, angle, and slope 

%div=wdiver(var,val) FJZ 3/21/00 
% calculates NA, f, angle, or slope from any one parameter 
% see also: divplot, beamlist, beampars 
% (angles are in degrees) 
% 
% var = one of 'NA', If', 'angle', 'slope' 
% val = the value (in degrees for angle, otherwise dimensionless) 
% div = a structured list of all four parameters 
% 
% angle = full angle of the diverging cone = 2*asin(NA) = 2*atan(slope/2) 
% NA = numerical aperature = sin(angle/2) = sin(diameter/(2*focallength)) 
% f = Utf-number" = focallength/diameter = 1/(2*tan(angle/2)) = l/slope 
% slope = (change in diameter)/(change in distance) = 2*tan(angle/2)= l/f 
% 
% Note: NA and f are defined for the smallest lens rquired to collect 
% all the light and form an image at infinity (nearly parallel beam). 
% For magnification, M, NA or f must be changed to: 
% NA'= sin( (l+M)/M*asin(NA)) - NA*(l+M)/M 
% f'= f*M/(l+M) 
function out=beamdiver(var,val?, 
if -exist('var') 1 -exist('val') 

out= [I ; :7 
disp('This routine requires a variable name and value.'); 
help divergence % . . i 
return; 

end 
var=lower(var); 
eval ([var, '=Vali ‘I); 

if strcmp(var, 'slope') 
angle=2*atan(slope/2); 

elseif strcmp(var, 'angle') 
angle=pi/l80*angle; 

elseif strcmp(var, 'na') 
angle=2*asin(na); 

elseif strcmp(var,'f') 
angle=2*atan(l/(2*f)); 

else 
OUt=[li disp('Variable name,hot recognized.') i return; 

end . 

slope=2*tan(angle/2); 
out.angle=angle*180/pi; 
out.NA=sin(angle/2); 
out.f=l/slope; 
out.s10pe=SlOpei 
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Appendix C. Spectral sensitivity and background corrections: 

SPECFIX - corrects spectra for background and gain (see specgain) 

%[s,h,b,g]=~ecfix(spec,bkg,gain,temp,iedge,cosmic) 11/29/99 FJZ 
% 
% corrects spectra for background noise and gain 
% 
%inputs: 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
0 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

spec - either: 
1.) the spectra filename (' 1 opens a window) 

or 2.) an n X 2 array of wavelength and intensity 
(the x,y values of the spectrum to be corrected) 

bkg - either: 
1.) a text matrix of filenames of "darkl' spectra to 

average for a background, that is subtracted from the gain 
and spectra files 

or 2.) an n X 2 array of wavelength and background 
to subtract from the spectra (originally from l'darkl' files) 

(if omitted, empty or zero, no background is subtracted] 
gain - either: 

1.) a text matrix of filenames to average and calculate 
the gain assuming a black body spectrum at temperature, lltemplU 

or 2.) an n X 2 ark&y of wavelength and gain to scale 
the spectra files (originally from black body files) 

(if omitted, empty, or zero, a gain of 1 is used) 
temp - the filament temperature to remove the black blody shape 

(only used when gain is a text matrix of black body spectra) 
(if omitted, empty, or zero, a zero slope is used) 

iedge - number of pixels to omit from each edge of the spectra 
(bkg and gain of zero will be returned for these pixels) 

cosmic - remove cosmic rays from data files with a double pass filter 
(see cosmicut] 
If >O cosmic rays will be removed with r=cosmic. 
If =0 no cosmic rays will be removed. 
If omited or ~0 cosmic rays will be removed with r=5.5 

,' 
%outputs: 
% s - a 2 X n array of wavelength (nm) and corrected intensities given by 
% y=(yO-bkg)*(max(gain-bkg)/(gain-bkg])* 
% (yO(l~/yO~A5*(exp(hc/(kTyO(l~~~-l~/(exp(hc/(k~O~~-l~ 
% h - the spectra file header 
% b - an n X 2 array of wavelength and background to subtract from spectra 
% g - an n X 2 array of wavelength and gain to scale spectra 
% assuming wavelength.values match, corrected spectra: y = (yO-b).*g 
%[s,h,b,g]=specfix(spec,bkg,gain,temp,iedge,cosmic) 11/29/99 FJZ 
function [s,h,b,g]=specfix(spec,bkg,gain,T,iedge,cosmic] 

if -exist('cosmic') cosmic=-1; end; if notarg(cosmic) cosmic=-1; end; 
if cosmic<0 cosmic=5.5; end 
if -exist('T') T=O; end; if notarg(T) T=O; end; 

I 

if -exist('gain' 
if -exist('bkg') 
if -exist('spec' 
if -exist('iedge 

if isempty(spec) 

) gain="; end; if notarg(gain,O) gain=' 'i end; 
bkg="; end; if notarg(bkg) bkg="; end; 

) spec="; end; if notarg(spec,O) spec="; end; 
I) iedge=[]; end; if notargtiedge) iedge=O; end 

4 disp('Select the spectrum to be corrected.') i pause(a) i 
[x,y,h]=getdata(spec,O,",",'',-1); 
ny=length(y); 
if isempty disp('No spectrum selected. Exiting . ..I] i end 
disp(spec); 
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if cosmic 
[yc,yfc,ibadl=cosmicut(y(iedge+l:ny-iedge),cosmic,2); 
y(iedge+l:ny-iedge)=yc; 
if -isempty(ibad) 

disp([num2str(length(ibad)), 'points removed to eliminate cosmic rays.'] 1; 
npdisp=min(length(ibad),15); disp(ibad(l:npdisp)); 

end 
end 

elseif ischar(spec) 
disp(spec); 
[x,y,h]=getdata(spec,O,",",'',-1); 

ny=length(y) i 
if cosmic 

[yc,yfc,ibadl=cosmicut(y(iedge+l:ny-iedge),cosmic,2)i 
y(iedge+l:ny-iedge)=yc; 
if -isempty(ibad) 

disp( [num2str(length(ibad)), 'points removed to eliminate cosmic rays.‘]); 
npdisp=min(length(ibad),15) i disp(ibad(l:npdisp) 1; 

end 
end 

else 
[nr,nc]=size(spec) i 
if min([nr,ncl)-=2 

disp('Spectra variable must reference a spectra filename or a 2 X n'); 
disp('array containing the x,y - values of the spectra. Exiting . ..'). 
return; 

end 
h=' '; 
if (nr==2) 

x=spec(l,:); y=spec(2,:); 
else 

x=spec(:, 1); y=SpeC(:,2); 

end 
end 

if isempty disp('No spectrum. Exiting . ..I). end 
disp('bkg and gain corrections’) i 
[xbg,yb,yg]=specgain(bkg,gain,T,iedge,cosmic) i 
if isempty(xbg) 

disp('Background or gain corrections not calculated. Exiting . ..I). 
b="i g="; return; 

end 
if length(xbg)-=length(x)&length(xbg)-=l 

disp('Wavelength (XI values of the spectra do not agree with the'); 
disp('background and gain corrections. Exiting . ..I). 
b="; g="; return; 

end 
if length(xbg)--1 

nx=length(x); 
if x(l)-=xbg(l ) & x(l)s=Xbg(nX) xbg=xbg(nX:-l:l)i yb=yb(nx:-l:l)i yg=yg(nx:-l:l); 

end 
if any(xbg-=x) 

disp('Wavelength (X) values of the spectra do not agree with the') ; 
disp('background and gain corrections. Exiting . ..I). 
b="; g="; return; 

end 
end 
b= Wg, ybl ; 
g= [fig t Ygl i 

% apply corrections to the data 
Y= (Y-Yb) - *Ygi 
s= Ix, yl ; 
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SPECGAIN - background and gain from black body and dark noise files 

; 

% [xbg,yb,ygl =sDeaain (bkg,gain,temp,iedge,cosmic) 11/29/99 FJZ 
% 
% calculates background and gain corrections to spectra 
% from dark and blackbody spectra at the same wavelength 
% 
%inputs: 

.b % 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

bkg - either: 
1.) a text matrix of filenames of "dark" spectra to 

average for a background, that is subtracted from the gain 
and spectra files 

2.) an n X 2 array of wavelength and background 
to subtract from the spectra (originally from tOdarkU1 files) 

3.) a spectra string, e.g.: 'DNae[3,5:12]' 
(if omitted, empty or zero, no background is subtracted) 

gain - either: 
1.) a text matrix of filenames to average and calculate 

the gain assuming a black body spectrum at temperature, lUtempt' 
2.) an n X 2 array of wavelength and gain to scale 

the spectra files (originally from black body files) 
3.) a spectra string, e.g.: 'BBcd[3,5,9]' 
(if omitted, empty, or zero, a gain of 1 is used) 

temp - the filament temperature to remove the black blody shape 
(only used when gain is a text matrix of black body spectra) 
(if omitted, empty, or zero, a zero slope is used) 

iedge - number of pixels to omit from each edge of the spectra 
(bkg and gain of zero will be returned for these pixels) 

cosmic - remove cosmic rays from data files with double pass filter 
(see cosmicut) 
If a0 cosmic rays will be removed with r=cosmic. 
If =0 no cosmic rays will be removed. 
If omited or ~0 cosmic rays will be removed with r=5.5 

%outputs: 
% xbg - wavelength values for background and gain corrections 
% yb - background offset values 
% yg - gain correction 
% corrected data: y=(yO-yb).*yg where: 
% yg = (min(g-yb) ./(g-yb))* 
% (y0 (1) ./yO) . ̂ 5*(exp(hc/(kT*yO(l)))-l)./(exp(hc/(kT*yO))-1) 
% 
%[xbg,yb,yg]=spegain(bkg,gain,temp,iedge,cosmic) 11/29/99 FJZ 
function [xbg,yb,ygl=specgain(bkg,gain,T,iedge,cosmic) 
if -exist (‘cosmic’) cosmic=-1; -end; if notarg(cosmic) cosmic=-1; end; 
if cosmic<0 cosmic=5.5; end 
if -exist('T') T=Oi end; if notarg(T) T=O; end; 
if -exist('gain') gain=' '; end; if notarg(gain,O) gain="; end; 
if -exist('bkg') bkg=' '; end; if notarg(bkg) bkg="; end; 
if -exist('iedge') iedge=O; end; if notarg(iedge) iedge=O; end 

% check to see if background correction must be created from files 
if isempty(bkg) 

disp('Select the background files. (Select "cancel" when complete.) I); 
pause(a); 
bkg=getlist; 

end 
if isempty(bkg) 

xb=O; yb=Oi 
elseif ischar(bkg) 

% average background files 
[nbr,nbc]=size(bkg); yb=[l; 
if -any(bkg(l,:)=='.') 
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sd=specdir(",O,O); 
bkg=specstr(bkg,sd); 
if isempty(bkg) disp('Background spectra not found. SPECGAIN exiting...'); 

return; end 
[nbr,nbc]=size(bkg); 

end 
for i=l:nbr 

disp(bkg(i,:)); 
[x,y]=getdata(bkg(i,:),O,",",'I,-1); 
ny=length(y) i 
if cosmic 

[yc,yfc,ibad]=cosmicut(y(iedge+l:ny-iedge),cosmic,2)i 
y(iedge+l:ny-iedge)=yc; 
if -isempty(ibad) 

disp( [num2str(length(ibad)), 'points removed to eliminate cosmic rays.']) ; 
npdisp=min(length(ibad),l5) i disp(ibad(l:npdisp)); 

end 
end 
if isempty 

yb=y; Xb=X; 
else 

if length(x)-=length(xb) 
disp('Length of wavelength vectors for background spectra do not agree. 

SPECGAIN exiting...'); 
xbg=";yb=";yg="; return; 

end 
nx=length(x); 
if x(l)-=xb(l) & x(l)==xb(n~) xb=xb(nx:-l:l); yb=yb(nX:-l:l)i end 
if any(x-=xb) 

disp('Wavelength values for background spectra do not agree. SPECGAIN 
exiting...'); 

xbg=";yb=";yg="; return; 
end 
yb=yb+y; 

end 
end 
yb=yb/nbr; 
if iedge> 

ny=length(yb); yb(l:iedge)=zeros(l,iedge 
end 

); yb(ny-iedge+l:ny)=zeros(l,iedge); 

disp([lBackground averaged from ',num2str(nbr),' files.']); 
displist(bkg) i 

else 
[nr,nc]=size(bkg) i 

0 if min([nr,ncl)-=2 
% disp('Warning - ') i 
% disp('Background variable should reference dark spectra filenames or a 2 X nl); 
% disp('array containing the (x,y) - values (wavelength,darknoise) .I); 
% xbg=' ' i 
% end 

if (nr==2) 
xb=bkg(l,:); ybzbkg(2,:); 

else 
xb=bkg(:,l); yb=bkg(:,2); 

end 
end b 

if isempty(gain) 
disp('Select the black body files. (Select "cancelUt when complete.)'); & 
pause(a); 
gain=getlist; 

end 
if isempty(gain) 
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xg=xb; yg=ones(length(xg),l); 
elseif ischar(gain) 

% average gain files 
[ngr,ngc]=size(gain); yg'[li 
if -any(gain(l,:)=='.') 

if -exist('sd') sd=specdir(",O,O); end 
gain=specstr(gain,sd); 
if isempty(gain) disp('Gain spectra not found. SPECGAIN exiting...') i return; 

end 
[ngr,ngcl=size(gain); 

end 
for i=l:ngr 

disp(gain(i,:)); 
[x,y]=getdata(gain(i,:),O,",",'',-I); 
ny=length(y) i 
if cosmic 

[yc,yfc,ibad]=cosmicut(y(iedge+l:ny-iedge) ,COSmiC,2); 
y(iedge+l:ny-iedge)=yc; 
if -isempty(ibad) 

disp([num2str(length(ibad)), 'points removed to eliminate cosmic rays.']); 
npdisp=min(length(ibad),l5) i disp(ibad(l:npdisp)) i 

end 
end 
nx=length(x) i 
if length(xb)==l xb=x; yb=zeros(length(nx),l); end 
if x(l)-=xb(l) & x(l)==xb(nx) xb=xb(nx:-1:l); yb=yb(nx:-1:l); end 
if any(x-=xb) 

disp('Wavelength values of background files do not agree. SPECGAIN 
exiting...'); 

xbg=";yb=";yg="; return; 
end 
Y=Y-Yb i 
if isempty 

yg=yiXg=Xi 
else 

if length(x)-=length(xg) 
disp(['hength of wavelength vectors for gain spectra do not agree. ',... 

end 
nx=length(x); 
if x(l)-=xg(l 
if any(x-=xg) 

disp('Wave 
exiting...'); 

xbg= ' ' iyb= 
end 
Yg=Yg+Y i 

end 
end 
yg=Yg/ngri 

) & x(l)==xg(nx) xg=xg(nx:- 

length values of gain files 

";yg="; return; 

1:l)i yg=yg(m:-1:l); end 

do not agree. SPECGAIN 

disp(['Gain averaged from ',num2str(ngr),' files.']); 
displist(gain) ; 
i=find(yg==O); 
if -isempty 

yg(i.)=max(yg)/lOOi 
disp([num2str(length(i) ), ' zeros replaced in gain curve with max/lOO.'l); 

end 
yg=min(yg) ./yg; 
% include black body correction 
if T>O 

h=6.626083-34; %Planck's Constant (Joule Second) 
c=2.99792E8*le9; %speed of light (nm/Second) 

'SPECGAIN exiting...') i 
xbg="iyb="iyg="i return; 
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k=1.380663-23; %Boltzmann Constant (Joule/Kelvin) 
yg=yg*xg(l)A5*(exp(h*c/(xg(l)*k*T))-l)./(xg.A5.*(e~(h*C/(xg*k*T))-l))i 

end 
%s=cos(th)*2*h*cA2./(lam.*5. *(exp(h*c*10*6./(lam*k*T))-1))*10A12; 
% (Joules/ (second microns^3)) 
%For a non-ideal emitter, multiply by: Absorb(lam,th) 
%Peak(T)=espd(h*c/(4.965ll*k*T)*le6,O,T) 
%Edge(x,a,b,alpha)=((b-a)*tanh(alpha*x)+(b+a))/2 
if iedgez0 

ny=length(yg); yg(l:iedge)=zeros(l,iedge) i yg(ny-iedge+l:ny)=zeros(l,iedge) i 
end 

else 
[nr,nc]=size(gain); 

% if min([nr,ncl)-=2 
% disp('Warning -I); 
% disp('Gain variable should reference blackbody filenames or a 2 X nl) i 
% disp('array containing the (x,y) - values (wavelength,gain) .I); 
% fig=’ '; 
% end 

if (nr==2) 
xg=gain(l,:); yg=gain(2,:); 

else 
xg=gain(:,l); yg=gain(:,2); 

end 
end 
xbg=’ '; 
if length(xg)-=length(xb) 

disp('Length of wavelength vector for background is not the same as for the gain. 
SPECGAIN exiting . ..I) i 

return; 
end 
if any (xg-=xb) 

disp('Wavelength values of gain and background values do not agree. SPECGAIN 
exiting . ..I). 

return; 
end 
xbg=xg; 
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SPECDIR - creates and displays a summary of the spectra in a directory 

%sum=snecdir(direct,nochron,width) FJZ 11/24/99 
% 
% summarizes directories of spectra (.SPC files). 
% 
%input: 
% direct - directory to be summarized (current if omitted) 
% nochron - If non-zero, the chronological listing is omited 
% width - width of summary listing (default is 80) 
% 
%outputs: 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

.SPEC - text matrix of all spectra filenames 

. . . 

.FL - text matrix of all filament laser (FL) filenames 
sorted by run & shot number 

.FLr - text matrix of spectral runs 

.FLis - indeces of all the FL spectra in sum.SPEC: sum.SPEC(sum.FLis,:) 

.FLir - a cell array of the indeces of the spectra in each run relative to FL: 
sum.FL([sum.FLir{runs}],:) 

.FLtime - a cell array of the time of the 1st spectrum in each run 
(a 2 element time vector is generated to include unnumbered spectra) 
datestr([sum.FLtime{runs}]) 

. . . 

.DN, .DNr, .DNis, .DNir, .DNtime - same info for dark noise files 

.BB, .BBr, .BBis, .BBir, .BBtime - same info for black body files 

.=t .XXr, .XXis, .XXir, .XXtime - same info all other spectra 

. . . 

.TIME - a vector of the time of the 1st spectrum in all of the runs 

.ITIME - the indeces of the 1st specrum in all of the runs 
[s.SPEC(s.ITIME,:),blanks(length(sum.TIME)) ',datestr(sum.TIME)] 

.SUM - a cell string array of the output summary 

.COMMENT - a text matrix of the comment line from the 1st spectrum in each run 

%sum=specdir(direct,nochron,width) FJZ 11/24/99 
function sum=specdir(direct,nochron,width) 
global pcssdir colors 
types=upper({~FL','DN~,~BB~,~LD1,~BS1}); 
types=strvcat(types); 
typename={'Filament Laser','Dark Noise','Black Body','Laser Diode','Big Sky Laser'}; 
oldpcss=pcssdir; 
if -exist('direct') direct=cd; end; if notarg(direct,O) direct=cd; end 
if -exist('nochron') nochron=O; end; if notarg(nochron) nochron=O; end 
if -exist('width') width=80; end; if notarg(width) width=80; end 
if width<0 width==O; end 
if -strcmp(direct,pcssdir) pcssdir=direct; end 
olddir=cd; cd(direct); 

dspec=dir('specdir-*.*'I; 
if isempty(dspec) 

llSaVf=l; 
newdata=-1; 

else 
newdata=O; 
dspecm=strvcat(dspec.name); 
nsavf=max(str2num(dspecm(:,9:10)); 
if isempty(nsavf) nsavf=l; newdata=-1; end 
if nsavfc=O; nsavf=l; newdata=-1; end 

end 

if -newdata load([1specdir','-',num2str(nsavf)l); 
[rspec,cspec]=size(sum.SPEC); 
dspc=dir('*.spc'); 
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[rspc,cspc]=size(dspc); 
if rspc==rspec 

if (width) disp(strvcat(sum.SUM)); end 
cd(olddir); pcssdir=oldpcss; return; 

end 
% This table is out of date, get a new table. 
delete([*specdir','-',num2str(nsavf),'.matV]); 
newdata=-1; 

end % -newdata 

sum="; 
sumry=sprintf('\n%s Summary of Spectra found in:',datestr(now)); 
sumry=strvcat(sumry,sprintf(' %s',direct) ); 
if width fprintf('%s\n',sumry(l,:)); fprintf('%s\n',sumry(2,:)); end 
specall=getlist('*.SPC'); i=smartsort(specall,-1); specall=specall(i,:); 
sum.SPEC=specall; 
[su,ir]=unique(upper(specall(:,l:2)),'rows'); 
type=upper(specall(ir,l:2)); 
ialltime=[]; alltime=(l ; alltitl=(] ; 
for it=l:length(type) 

isp{it}=find(upper(specall(:, l))==type(it,l)&upper(specall(:,2))==type(it,2)); 
spec=specall(isp{it},:); 
% spec=getlist([type{itJ,'*.SPC'I); 
if -isempty(spec) 

% i=smartsort(spec,-1); 
% spec=spec(i,:); 
sum=setfield(sum,type(it,:),spec) ; 
(ns,ncs]=size(spec); 
[run,ir]=unique(upper(spec(:,3:4) ), 'rows'); 
[nr,ncr]=size(run); 
sum=setfield(sum,[type(it,:),'r'],run); 
k=find(type(it,l)==types(:,l)&type(it,2)==t~es(:,2)); 
if isempty 

tname=type(it, :); 
else 

tname=typename{k}; 
end 
nextline=sprintf('\n%g %s Spectra ---',ns,tname); 
if (width) fprintf('%s\n',nextline); sumry=strvcat(sumry,nextline); end 
tim=[]; 
itim=[]; 
rdx= [I ; 
titl=[]; 
for i=l:nr 

rdx{i}=find(run(i,l)==upper(spec(:, 3))&run(i,2)==upper(spec(:,4))); 
tim{i}=(l; 
itim{i}=[]; 
titl{i}=(l; 
ni=length(rdx{i}); 
if spec(rdx{i}(ni),5)=='.' 

nis=ni-1; 
else 

nis=ni; 
end 
if nis>O 

nextline=sprintf('%3d. %s%s%s-%s%s%s',i,type(it,:),... 
lower(run(i,:)),deblank(spec(rdx{i} (1),5:ncs)),type(it,:),... 
lower(run(i ,:)),deblank(spec(rdx{i}(nis),5:ncs))); 

(x,y,hl=getdata(spec(rdx{i}(l,l),:),[l, (I, [I, (1,-l); 
[nh,nch]=size(h); 
eval([deblank(h(23,:)),'; ']);eval([deblank(h(24,:)),';'1); 
nextline=[nextline,sprintf(' %s%s',fcmntl,fcmnt2)1; 
titl{i}=[fcmntl,fcmnt2] ; 
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nl=length(nextline); nl2=min(nl,width); if width==0 n12=nl; end 
if (width) fprintf('%s\n',nextline(l:nl2)); end 
sumry=strvcat(sumry,nextline(l:nl2)) ; 
if (nlsnl2 & width) 

fprintf(' %s\n',nextline(nl2+1:nl)); 
sumry=strvcat(sumry,[blanks~6),nextline~nl2+l:nl)l) ; 

end 
% fprintf(' %s\n',deblank(h(64,9:nch))); 
eval([deblank(h(g,:)),'; 'I); eval([deblank(h(lO,:)),';'I); 
tims=deblank(h(2,13:nch)); 
nrit=strmatch('Integration Time',h); 
if isempty(nrit) 

ncit=[I; 
else 

ncit=findstr(h(nrit,:),'=')+l; 
end 
if isempty(ncit) 

integ=O; 
else 

integ=str2num(h(nrit,ncit:nch)); 
end 
nextline=sprintf(' %s range: %7g - %7g nm integ=%6.3g s',... 

tims,ffirst,flast,integ); 
tim{i}=datenum(tims); 
itim{i}=isp{it}(rdx{i}(l)); 
if (width) fprintf('%s\n',nextline); end 
sumry=strvcat(sumry,nextline); 

end 
if niscni 

nextline=sprintf('%3d* %s%s%s 
lower(run(i ,:)),deblank(spec(rdx{i 

[x,y,hI=getdata(spec(rdx{i}(ni,l),:), 
[nh,nchI=size(h); 

',i,type(it,:),... 
.}(ni),5:ncs))) i 

[I I 11, [I fl [I 8-l) i 

eval([deblank(h(23,:)),'; 'I);eval([deblank(h(24,:)),';'1); 
nextline=[nextline,sprintf(' %s%s',fcmntl,fcmnt2)1; 
nl=length(nextline); nl2=min(nl,width); if width==0 n12=nl; end 
if (width) fprintf('%s\n',nextline(l:nl2)); end 
sumry=strvcat(sumry,nextline(l:nl2)) ; 
if (nl>n12 & width) 

fprintf(' %s\n',nextline(nl2+1:nl)); 
sumry=strvcat(sumry,[blanks(6),nextline(nl2+l:nl)I ); 

end 
% fprintf(' %s\n',deblank(h(64,9:nch))); 
eval([deblank(h(9,:)),'; 'I); eval([deblank(h(lO,:)),';'I); 
tims=deblank(h(2,13:nch)); 
if isempty(tim{i}) 

tim{i}=datenum(tims); itim{i}=isp{it}(rdx{i}(l)); 
titl{i}=[fC!mntl,fCmtlt21; 

else 
tim{i}=[tim{i},datenum(tims)]; itim{i}=[itim{i},isp{it}(rdx{i}(ni))I; 
titl{i}=strvcat(titl{i},[fcmntl,fcmnt2]); 

, 

end 
nrit=strmatch('Integration Time',h) ; 
if isempty(nrit) 

ncit=[l; 
else 

ncit=findstr(h(nrit,:),'=')+l; 
end 
if isempty(ncit) 

integ=O; 
else 

integ=str2num(h(nrit,ncit:nch)); 
end 
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nextline=sprintf(' %s range: %7g - %7g nm integ=%6.3g s',... 
tims,ffirst,flast,integ); 

if (width) fprintf('%s\n',nextline); sumry=strvcat(sumry,nextline); end 
end 

end 
sum=setfield(sum,[type(it,:),'is'],isp{it}); 
sum=setfield(sum,[type(it, :),‘ir’l,rdx); 
sum=setfield(sum,[type(it,:),'time'l ,tim); 
alltime=[alltime,tim{:}]; 
ialltime= [ialltime,itim{:}l ; 
alltitl=strvcat(alltitl,titl{:}); 

end 
end 
sum.TIME=alltime; 
sum.ITIME=ialltime; 
sum.SUM=cellstr(sumry); 

if -nochron 
[t2,it2]=sort(alltime); 
if (width) disp(' '); end 
sumry=strvcat(sumry, ' ') ; 
for i=it2 

nextline=sprintf('%s %s 
%~~,specall(ialltime(i) ,:),datestr(alltime(i)),alltitl(i,:)); 

if (width) fprintf('%s\n',nextline); end 
sumry=strvcat(sumry,nextline); 

end 
sum.COMMENT=alltitl; 
sum.SUM=cellstr(sumry); 

end % -nochron 

while(exist(['specdir', I-', num2str(nsavf),' .matll)==2) nsavf=nsavf+l; end 
specdf=['specdir','-',num2str(nsavf)]; 
saVetime=now; 
save(specdf,'savetime', 'sum'); 
if (width) disp(' '); end 
if (width) 

disp(['Results of "specdirVU are saved in: ',specdf,' ',datestr(savetime)]); 
end 

cd(olddir) ; pcssdir=oldpcss; 
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PLOTSFIX - plots corrected spectra (see specfix, plotsfix_eg) 

%[h,b,gl=glotsfiX(spec,shift,bkg,gain,temp,iedge,cosmic) FJZ 12/6/99 
% plots corrected spectra (see: specfix) 
% corrects spectra for background noise and gain 
% 
% Examples using plotsfix to remove background and gain variations 
% from spectra. 
% 
% [h,b,g]=plotsfix(~SRaa2.spc~,O,~DNaa[2:2l]',~BBaa[2:11]'); 
% h=plotsfix('SRab2.spc',0,b,g); 
% 
% [h,b,g]=plotsfix~sum.FL~sum.FLir{2},:),250,~DNca~2:lll~,~BBca~2:lll'); 
% 
%innuts: 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

spec - 1.) a text matrix of the spectra filenames to plot 
2.) an FL run number, shot numbers (see specdir) 
3.) a spectra string, e.g.: 'FLae[3,5:12]' 

shift - y-offset,shifts each curve vertically, (default 0) 
bkg - either: 

1.) a text matrix of filenames of "darkI' spectra to 
average for a background, that is subtracted from the gain 

and spectra files 
2.) an n X 2 array of wavelength and background 

to subtract from the spectra (originally from "dark" files) 
(if omitted, empty or zero, no background is subtracted) 

3.) a DN run number (see specdir) 
4.) a spectra string, e.g.: 'DNae[3,5:12]' 

gain - either: 
1.) a text matrix of filenames to average and calculate 

the gain assuming a black body spectrum at temperature, tUtempll 
2.) an n X 2 array of wavelength and gain to scale 

the spectra files (originally from black body files) 
(if omitted, empty, or zero, a gain of 1 is used) 

3.) a BB run number (see specdir) 
4.) a spectra string, e.g.: 'BBae[3,5:12]' 

temp - the filament temperature to remove the black blody shape 
(only used when gain is a text matrix of black body spectra) 
(if omitted, empty, or zero, a zero slope is used) 

iedge - pixels to omit from each edge of the spectra (default=8) 
(bkg and gain of zero will be returned for these pixels) 

cosmic - remove cosmic rays from data files with a double pass filter 
(see cosmicut) 
If >O cosmic rays will be removed with r=cosmic. 
If =0 no cosmic ray removal. 
If omitted or ~0 cosmic rays will be removed with r=5.5 (default). 

%outputs: 
% h - the last spectra file header 
% b- an n X 2 array of wavelength and background to subtract from spectra 
% g - an n X 2 array of wavelength and gain to scale spectra 
% assuming wavelength values match, corrected spectra: y 
%[h,b,g]=plotsfix(spec,shift,bkg,gain,temp,iedge,cosmic) FJZ 12/6/99 
function [h,b,gl=plotsfix(spec,shift,bkg,gain,T,iedge,cosmic) 

global colors curvestyle 

i 

if -exist('cosmic') cosmic=-1; end; if notarg(cosmic) cosmic=-1; end; 
if cosmic<0 cosmic=5.5; end 
if -exist('T') T=O; end; if notarg(T) T=O; end; 
if -exist('gain') gain=[O,ll; end; if notarg(gain,O) gain= [O,ll ; end 
if -exist('bkg') bkg=[O,O]; end; if notargtbkg) bkg=[O,Ol; end; 
if -exist('shift') shift=O; end; if notargtshift) shift=O; end; 
if -exist('spec') spec="; end; if notarg(spec,O) spec=l'; end; 
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if -ischa;(spec) 
specrun=spec(l); 
nshots=length(spec) -1; 
if nshots>O 

spec=sd.FL(sd.FLir{specrun}(spec(2:nshots+l)),:); 
if nshots<savspec(nshots+l)-savspec(2)+1 

spectitl=['FL',sd.FLr(specrun,:),'[' ,num2str(savspec(2:nshots+l)),'lU]; 
else 

spectitl=['FL1,sd.FLr(specrun,:),'[',num2str(savspec(2)),'- 
',num2str(savspec(nshots+l)),'11]; 

end 
else 

spec=sd.FL(sd.FLir{specrun},:); 
[nsr,nsc]=size(sd.FL(sd.FLir{specrun},:)); 
spectitl=['FL',sd.FLr(specrun,:),'[l-',num2str(nsr),1]']; 

end 
end 
bkgrun=O; if -ischar(bkg)&length(bkg)==l bkgrun=bkg; bkg=sd.DN(sd.DNir{bkgrun},:); 
end 
gainrun=O; if -ischar(gain)&length(gain)==l gainrun=gain; 
gain=sd.BB(sd.BBir{gainrun},:); end 

if isempty(spec) 
disp('Select the spectra files. (Select llcanceltU when complete.)'); 
pause(a); 
spec=getlist; 
if isempty(spec) disp('No spectra selected. PLOTSFIX exiting...'); return; end 
[nsr,nsc]=size(spec); 
if nr==l 

spectitl=spec; 
elseif nr>l 

spectitl=[spec(l,:),'-',spec(nsr,:)]; 
end 

end 

[nsr,nsc]=size(spec); 
if -any(spec(l,:)=='.') 

spec=specstr(spec,sd); 
if isempty(spec) disp('Spectra not found. PLOTSFIX exiting...'); return; end 
[nsr,nsc]=size(spec); 
spectitl=savspec; 

end 
b=bkg; g=gain; yshift=O; 
elf; hold on; box on; 
xlabel('Wavelength (nm) I); 
ylabel('Intensity (arb.) I); 
for i=l:nsr 

[s,h,b,gl=specfix(spec(i,:),b,g,T,iedge,cosmic); 
if isempty 

disp('No corrected spectra.'); 
bkg 
gain 
disp('PLOTSFIX exiting . ..I). 
return; 

end 
plot(s(:, I),s(:,2)+yshift,colors(mod(i-1, 
yshift=yshift+shift; 

L 

i 

length(colors))+l)); 
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end 
if isempty(spectit1) 

if nsr==l 
spectitl=spec; 

else 
spectitl=[spec(l,:), '-',spec(nsr,:) 1; 

end 
end 
axis tight: 
[nhr,nhc]=size(h); rtitl=' (I; 
if specrun>O 

rtitl=[rtitl,num2str(specrun) 
else 

if nargins0 
if isempty(inputname(1)) 

rtitl=[rtitl,savspecl; 
else 

rtitl=[rtitl,inputname(l)l ; 
end 

end 
end 
if bkgrun>O 

rtitl=[rtitl,',',num2str(bkgrun) 
else 

if nargins2 
if isempty(inputname(3)) 

rtitl=[rtitl,',',bkgl; 
else 

rtitl=[rtitl,',',inputname(3)1; 
end 

end 
end 
if gainrun> 

rtitl=[rtitl, ', ' ,num2str(gainrun) 
else 

if nargin>3 
if isempty(inputname(4)) 

rtitl= [rtitl, ', ',gainl; 
else 

rtitl=[rtitl,',',inputname(4)1 ; 
end 

end 
end 
rtitl=[rtitl,l) 'I; 
eval([deblank(h(23,:)),'; ']);eval([deblank(h(24,:)),';'1); 
nrit=strmatch('Integration Time',h) ; 
if isempty(nrit) 

ncit=[l ; 
else 

ncit=findstr(h(nrit,:),'=')+l; 
end 
if isempty(ncit) 

integ=O; 
else 

integ=str2num(h(nrit,ncit:nhc)); 
end 
cornlab([fcmntl,fcmnt2l,h(2,13:nhc),... 

[rtitl, I, shift=',num2str(shift),', iedge=',num2str(iedge)l,... 
[deblank(spec(l,:)),'-',deblank(spec(nsr,:)),' integ=',num2str(integ),' ~'1); 

nl=findstr(spec(l,:),'.')-1; 
n2=findstr(spec(nsr,:),'.')-1; 
sptypes=('Filament Laser','Dark Noise','Black Body'}; 
spshort={'FL','DN','BB'}; 
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nshort=strmatch(upper(spec(l,l:2)),spshort); 
if isempty(nshort) 

titll=upper(spec(l,l:2)); 
else 

titll=sptypes(nshort); 
end 
if nsr>l 

title([titll,' Spectra: ',spectitl] 1; 
else 

title([titll, ' Spectrum: ',spectitl]); 
end 
boldplot(0.5,14,14,14,lO); 
curvestyle=cssave; 
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FLSPPLOT - plots the results from flanyl 

%flsDDlot(nfl,sumfile) - plots results from 1tflanyl'8 
function flspplot(nfl,sumfile) 
global colors 
if -exist('nfl') nfl=O; end; if notarg(nfl,O) nfl=max(get(O,'children') )+l; end 
if isempty(nf1) nfl=l; end 
if -exist('sumfile') sumfile=[]; end; if notarg(sumfile,O) sumfile=[] ; end 
if isempty(sumfile) 

d=dir('summary-*.mat'); 
tn=str2mat(d(:) .name); 
ns=max(str2num(tn(:,9:10))); 
if isempty disp('No summary files found. Exiting...'); return; end 
sumfile=['summary-I ,num2str(ns)l; 

end 
disp(['Loading spectral analysis file: ',sumfile]) ; 
s=load(sumfile) ; 
pfn={'energy','centroid','width','peak','peakposition'}; 
ylb={'Energy (arb.) ', 'Wavelength (nm) I, 'Width (2*2nd moment) (nm)',... 

'Peak Intensity (arb.) I, 'Position of Peak Intensity (nm) I}; 
nplts=length(ylb); 
nfig=nfl-1; 
for ifig=l:nplts 

nfig=nfig+I; 
figure(nfig); 
hold on 
y=getfield(s,pfn{ifig});ncrvs=length(y); 
lastc=O; 
for i=l:ncrvs 

(i,6)+1) plot((2:length(y{i}))+lastc,[y{i}(2:length(y{i}))J,~colors(mod 
plot((l:length(y{i}))+lastc,[y{i}],[colors(mod(i,6)+1),'+']); 
lastc=lastc+length(y{i}); 

end 
% for i=l:ncrvs 

1; 

plot(current(i)*ones(l,length(centroid{i})),[centroid{i}],[colors(mod(i,6)+1),'+']); 
end 
% for i=l:ncrvs 
plot(current(i)*ones(l,length(centroid{i})),~centroid{i}],[colors(mod(i,6)+1)]); end 

axis tight 
title(['Filament Laser Spectral ',upper(pfn{ifig})] ); 
ylabel(ylb{ifig}); 
xlabel('Shot Number') 
cornlab(s.commentl,s.comment2,s.specdir,[~FL:',s.runname(l,:),'-',... 

s.runname(ncrvs,:),I shift=',num2str(s.shift),' iedge=' ,num2str(s.iedge) 
boldplot(1,16,14,14,lO) 

, hold off 
end 
figspred(l:nfig,[1,200],[450,20],[600,500]); 
prtfigset(l:nfig,'l'); %landscape orientation for printing 

I); 
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FLANYL - analyzes filament laser spectra and stores spectra and run names, energies, 
centroids, widths, peak values, and peak positions. 

%[specname,runname,rdx,energy,centroid,width]=flanv~(specdir,p~,shift,bkg,iedge) 
% 
% V'flanylU' (Filament Laser ANALysis) processes filament laser spectra. 
% 
%outputs: 
% specname - a text matrix of all the filenames, FL*.SPC, in lBdirectorylt 
% runname - a text matrix of the 4 letter run names, e.g. ['FLIJ';'FLIK'; . . . 
% rdx - a cell array of the indeces of the spectra for each run 
% specname(rdx{i}(j) ,:) is the filename of jth spectrum in the ith run 
% energy - is a cell array of the energy in each spectrum of each run: $y 
% centroid - is a cell array of the centroids . . . . $ (x*y) /SY 
% width - is a c. a. of twice the 2nd moments (-width) : 2*sqrt($((x-c)^2*y)/$y) 
% the energy, centroid, or width of the jth spectrum in the in the ith run 
% is given by {iI (j) 
% 
%inputs: 
% specdir - is the directory of the spectra to be analyzed (default is cd) 
% pdx - indeces of runs to process. If pdx=-I all runs are analyzed. (default 0) 
% shift - is a vertical offset to add to each spectrum for plotting 
% bkg - is a text matrix of background filenames to be averaged and subtracted 
% from all the spectra (bkg assumes the same x-values for all spectra) 
% 
%Inputs and outputs are saved in a file named: summary-n.mat 
function 
[specname,runname,rdx,energy,centroid,widthl=flanyl(specdir,pdx,shift,bkg,iedge) 
global pcssdir colors 
oldpcss=pcssdir; 
if -exist('specdir') specdir=cd; end; if notarg(specdir,O) specdir=cd; end 
if -strcmp(specdir,pcssdir) pcssdir=specdir; end 
specname=getlist('FL*.SPC'); i=smartsort(specname,-1); specname=specname(i,:); 
pcssdir=oldpcss; 
[ns,nc]=size(specname); 
[runname,ir]=unique(specname(:,3:4),'rows1); 
[nrs]=length(ir); 
if -exist(lpdx') pdx=O; end; if notarg(pdx) pdx=O; end 
if pdx==-1 pdx=l:nrs; end 
if -exist('shift') shift=O; end; if notarg(shift) shift=O; end 
% average background 
if -exist('iedge') iedge=[]; end; if notarg(iedge) iedge=O; end 
if -exist('bkg') bkg=[]; end; if notarg(bkg,O) bkg=[l; end 
if -isempty(bkg) 

[nbr,nbc]=size(bkg); yb= [I; 
for i=l:nbr 

[x,y]=getdata(bkg(i, :)I; 
y=y(iedge+l:length(y)-iedge); 
x=x(iedge+l:length(x)-iedge); 
if isempty 

yb=y; 
else 

yb=yb+y; 
end 

end 
yb=yb/nbr; 

else 
yb=O; 

end 
for i=l:nrs 

rdx{i}=find(runname(i,l)==specname(:, 3)&runname(i,2)==specname(:,4)); 
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disp([l------------------ RUN: FL',runname(i,:),' --------------------I]); 
s=displist(specname(rdx{i},:)); disp(s); 
if any(i==pdx) 

[x,y,h]=getdata(specname(rdx{i} (11,:)); 
[nr,nc]=size(h) ; 
disp([deblank(h(2,13:nc)),' - ',deblank(h(64,9:nc))]); 
eval([deblank(h(9,:)),'; l]);eval([deblank(h(lO,:]~,';'l); 
disp(['range: ',num2str(ffirst,7),' - ',num2str(flast,7),' (nm)'I); 
figure(i];clf; 
shiftO=O; 
nj=length(rdx{i}); 
for k=l:nj 

j=rdx{i} (k); 
[x,y] =getdata(specname(j, :) 1 ; 

y=y(iedge+l:length(y)-iedge); 
x=x(iedge+l:length(x)-iedge); 
npts=length(y); 
y=y-yb; hold on; 
energy{i} (k]=sum(y); 
centroid{i}(k)=x'*y/energy{i}(k); 
width{i}(k)=sqrt(abs((x-centroid{i}(k)) '.A2*y/energy{i}(k)))*2; 
[peak{i}(k),peakpntl=max(y); 

peakposition{i} (k)=x(peakpnt); 
icol=mod(j,length(colors))+l; 
plot(x,y+shiftO,colors(icol)); 
shiftO=shiftO+shift; 

end 
title('Filament Laser Spectra'); 
xlabel('Wavelength (nm) '1; 
ylabel('Intensity (arb.] '1; 
eval([deblank(h(23,:]),'; I]);eval([deblank(h(24,:)],';'1]; 
axis tight; 
box on; 
cornlab(fcmntl,fcmnt2,h(2,l3:nc),['FLt,runname(i,:),'l-',num2str(nj),.. 

1 shift=' ,num2str(shift),' iedge=~,num2str(iedge)l); 
if i==I commentl=fcmntI; comment2=fcmnt2; end 
boldplot(1,16,14,14,lO~; 
hold off; 

end 
end 
figspred(l:nrs,[1,200],[450,20],[600,500]]; 
prtfigset(l:nrs, '1'); %landscape orientation for printing 
nf=l; 
while(exist(['summary', '-I ,num2str(nf),' .matl])==2) nf=nf+l; end 
sumfile=['summary','_' ,num2str(nf)]; 
savetime=now; 
save(sumfile,'savetime','specdir','pdx','shift','bkg','iedge',... 

~commentl~,'comment2~,1specname','runname','rdx',... 
'energy', 'centroidl,'width','peak','peakposition']; 

disp(['Results of spectral analysis are saved in: ',sumfile, ' ',datestr(savetime)] 1; 
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Appendix D. Waveform digitizer data analysis: getdata, 
plotdata, 

addata, plotcurve, addcurve, plotlist, and plotshif 

GETDATA - read data files saved by various waveform digitizers 

%[x,y,h,trig,all,par,iev]=aetdata(file,xlim,sv,envelope,ncpe,quiet); 
% fjz 12/14/00 
% 
% opens a file or file menu and returns x, y, and h (header) information. 
% PCSS plot routines "plotcurvl', lladdcurvel', "plotlist", "plotshif", 
% UtmatxplottO, . . . use tOgetdatatO to input and scale x and y and "plotdata" 
% to create plots with the parameters shown in nshowdefsll. 
% 
%input parameters: 
% file = an optional file name. If empty/omitted, a file menu is opened. 
% Valid file types are: TEK SCD, HP 54111, TEK TDS, LeCroy 6894, 
% spectra, DADisp column, PPat 2 column, GENerated data. Files from 
% TEK TDS must be converted to ASCII (.ASC) with CNVRTWFM. 
% xlim = [xmin,xmaxl an optional range for the scaled x values in the plot. 
% and event # for sequenced data 
% sv = a list of events for "sequenced" data files (LeCroy). 
%envelope = an optional flag to input envelope data only (inductive hardening) 
% If non-zero, envelope data will be extracted from the raw data 
% and stored in x, y, par, and iev. 
% ncpe = the average number of cycles per event (used with envelope). 
% If 0, empty, or omitted, ncpe=nppt=length(x)/length(trig). 
% quiet = an optional flag to eliminate standard output messages. 
% 
%returned values: 
% x,y = arrays of x and y coordinates. The original values, 
% X and Y, are scaled by default factors (help showdefs). 
% x = X*xscale+xoff and y = Y*yscale+yoff 
% h = an text matrix of ltheadertl information from the data file. 
%trig & all = 3 column arrays (tables) of trigger times, offsets, event numbers 
% for each event in "sequenced" data files (LeCroy). 
% Trigger matrices contain a row in the matrix for each event. 
% I' trig It returns this information only for the events 
% which are specified in U'sv". Otall'O returns it for all events. 
% The data in "x1' and "y" corresponds to the triggers stored in 
% "trig". There are nppt=length(x)/length(trig) points per trigger 
% and x includes the time offsets (time from the 1st trigger). 
% par = parameters about the raw data (see envelope). 
% iev = the indeces of the 1st envelope point for each event. 
% Cycle starting points indeces (grouped by event) are defined by: 
% start{ev}=iev(ev)+offset:8:iev(ev-11-l; 
% where "ev" is the index of an event in the sequence vector 
% and Itoffset" is defined in envelop1 (offset=1 for start points). 
% All starting point indeces (not grouped by event) are also given 
% by: offset:8:length(x) See : help envelop1 
% 
%~x,y,h,trig,all,par,ievl=getdata(file,xlim,sv,envelope,ncpe,quiet); 
function [x,y,header,triggers,alltrig,par,iev] = 
getdata(file,xlim,svin,envel,ncpe,quiet) 
global ptitle xlab ylab xscale yscale xoff yoff integrate pcssdir pcssfiles; 

Y global invertsp tekbug tekfix mindelt cosmic; 
if -exist('file','var') 1 notarg(file,O) file="; end; 
if -exist('xlim','var') ) notarg(xlim,O) xlim=[-inf,inf 
if (length(xlim)-=2) xlim=[-inf,inf]; end; 

I; end 
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if -exist('svin','var') 1 notarg(svin) svin=l; end; 
if -exist('envel', 'var') 1 notarg(enve1) envel=O; end 
if -exist('ncpe','var'] 1 notarg(ncpe) ncpe=O; end 
if -exist('quiet', Ivarl) I notarg(quiet) quiet=O; end 
if iscell(file) file=strvcat(file); end; 
tic; 
sd(pcssdir); 
if (length(file)sO) 

fullname=file; 
pa=’ I ; 
fn=deblank(file] ; 
if length(findstr(file, '*~))+length(findstr(file,'?'))>O 

[fn,pa] = uigetfile(file, 'GetData'); 
if (fn==O) 

disp(['No filename selected in llgetdatal'. Exiting . ..']).x=[];y=[]; 
header=[];triggers=[];alltrig=[];return; 

end 
else 

pa="; 
end 

else 
if isempty(pcssfiles) 

[fn,pa] = uigetfile('*.*','GetData'); 
else 

[fn,pa] = uigetfile(pcssfiles,'GetData'); 
end 

end 
itype=l+max(find(fn=='.')); 
typ=fn(itype:end); 
fullname=[pa, fnl; 
ifnl=find(fullname=='\'); if isempty(ifn1) ifnl=O; end; 
shortname=fullname((ifnl+l):end); 
if -quiet disp(' '1; disp( ['Reading: ',pa,fn] 1; end; 
% 
% Generated (simulated) data for software testing (See: LeCroyGen) 
% 
if strcmp(upper(typ), 'GEN') 

load(fullname, l-mat'); 
% loads ds - struct var: name, ringfreq, phase, mag, eventime, nevt, resolution, 
% nskip, offset, pretrig, header 
% y - y-values of generated data 
% at - trigger matrix (nevt X 3) all events 
disp(['getdata - generated data: ',ds.name]); 
nppt=round(ds.eventime/ds.resolution); % number of points per trigger (event] 
nevt=ds.nevt; % number of events (triggers) 
npt=nppt*ds.nevt; % number of points (total) 
tbe=ds.nskip/ds.ringfreq+ds.eventime; % time between events 
ie=l:nevt; % event index 
ip=l:nppt; % point index 
x=(ip-l)*ds.resolution*xscale+xoff; 
at(:, [l 2])=at(:,[l 2])*xscale+xoff; 
alltrig=at; 
at=alltrig(svin',l)+alltrig(svin',2); 
triggers=alltrig(svin', :); 
%size(at] 
%size(t) 
%size(x(ones(length(sv),l),:)) 
%size(squeeze(at(sv',l,ones(nppt,l)))) 
x=reshape((x(ones(length(svin),l),:)+at(:,ones(nppt,l)]]',l,nppt*length(svin)); 
if isfield(ds,'chirp') 

for i=l:length(svin) 
y((i-1) *nppt+ip)=y(nppt* (svin(i) -l)+ip); 

end 
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par=ds; par.npt=npt; par.nppt=nppt; par.tbe=tbe; par.sv=svin; 
if -quiet 

disp( ['Generated data: ',numlstr(ds.nevt),' events, ',num2str(nppt),... 
I pts/event, I, num2str(npt),' pts, 'I); 

disp( [' extends from I ,num2str(alltrig(l,l)+alltrig(l,2)),... 
' to ' ,num2str(alltrig(nevt,~)+alltrig(nevt,2)+nppt*ds.resolution),'.'l); 

disp([' Time between events is ',num2str(tbe),'.'l); 
if xscale==l 

disp( I (Time is in seconds.) I); 
else 

disp([' (Time is in I, num2str(l/xscale),' seconds.) 'I); 
end; 

end; 
return; 

end 

[fid,msgl = fopen([pa,fnl,'r'); 

if (fid==-1) 
disp(['ERROR: Filename, "',pa,fn,'" not found. llgetdatatU exiting...'] ); 
disp(msg);x=[I;y=[];header=[];triggers=[l;alltrig=~l; 
return; 

end 
fullname=[pa,fnl; 
ifnI=find(fullname=='\'); if isempty(ifn1) ifnl=O; end; 
shortname=fullname((ifnl+l) :end); 
header=shortname; 
% 
% Ocean Optics Inc. - Spectrometer files 
% 
if strcmp(upper(typ),'OOI') 

if -quiet disp('Ocean Optics Inc. (001) spectrometer file found.'); end; 
header=str2mat(header,' (spectrum) I, 'Ocean Optics Inc.'); 
actchan=fread(fid,l,'intl6'); 
header=str2mat(header,['active channel = ',num2str(actchan)l); 
darksav=fread(fid,l,'intl6'); 
header=str2mat(header, ['dark saved = ',num2str(darksav)l); 
refsav=fread(fid,l,'intl6'); 
header=str2mat(header, ['reference saved = ',numlstr(refsav)l); 
samsav=fread(fid,l,'intl6'); 
header=str2mat(header, ['sample saved = ',num2str(samsav)l); 
viewmode=fread(fid,l,'intl6'); 
header=str2mat(header,['view mode = ',num2str(viewmode)l); 
fseek(fid,42,'bof'); 
if darksav ydark=fread(fid,2048,'float')*yscale+yoff; end 
if refsav yref=fread(fid,2048,'float')*yscale+yoff; end 
x=fread(fid,2048,'float')*xscale+xoff; 
y=fread(fid,2048,'float')*yscale+yoff; 
if darksav y=[y;ydarkl; end 
if refsav y=[y;yrefl; end 
fclose(fid); 
if isempty(xlab) xlab='Wavelength (nm) I; end 
if isempty(ylab) ylab='Counts'; end 
return 

end 
shotcom(fn,-1); 
s=fscanf(fid,'%c',l024); 
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l=length(s); 
cr=findstr(s,setstr(l3)); 
if (length(cr)==O) cr=O; end; 
% 
% Tektronix SCD5000 data files 
% 
if strcmp(s(l:7),'SCDSOOO') 

s=[s,fscanf(fid,'%c',lO240)]; 
l=length(s) ; 
fclose(fid) ; 
hl=cr(5); 
npts=getvalue(s,'NR.PT:',','); 
xm=getvalue(s,'XINCR:',',')*xscale; 
if (tekbug) 

xO=xm*getvalue(s,'PT.OFF:',',')*tekfix+xoff; 
disp('Warning - a Tek SCD5000 bug in the trigger delay is being corrected.'); 
disp('Set global variable tekbug=O to inhibit this correction.'); 

else 
disp(lWarning - some Tek SCD5000 scopes have a bug in the trigger delay.'); 
disp('If the starting time for your data is wrong, set global variable'); 
disp('tekbug=-1 to fix this bug (multiplies the time offset by 

tekfix=1.8011) .I); 
disp('Not all SCDs have this problem.'); 
xO=xm*getvalue(s,'PT.OFF:',',')+xoff; 

end 
ym=getvalue(s, 'YMULT:', ',')*yscale; 
yO=(getvalue(s,'YZERO:~,~,')*yscale-ym*getvalue(s,~YOFF:',~,~) )+yoff; 
imin=max(fix((xlim(l)-xO)/xm+l),l); 
imax=min(fix((xlim(2)-xO)/xm+l),npts); 
imax=max(imax,imin) ; 
x=(xO+(imin-l)*xm) :xm:(xO+(imax-l)*xm); 
y=sscanf(s(hl+2:l),'%d',imax); 
y=y(imin:imax); 
y=ym*y'+yO; 
ln=wrap(s,20,74,5); 
title=ln(2,1:findstr(ln(2,:),'Rec I)-1); 
header=str2mat(header,title,ln); 
% 
%Tektronix TDS files which have been converted to ASCII with CNVRTWFM 
% 

elseif strcmp(s(l:16),':WFMPRE:BYT_NR 1') 
s=[s,fscanf(fid,'%c',lO24000)]; 
l=length(s); 
fclose(fid); 
npts=getvalue(s,'NR PT',';'); 
xm=getvalue(s, 'XINCE', ';')*xscale; 
xO=xm*getvalue(s,'PT_OFF',';')+xoff; 
ym=getvalue(s,~YMULT',~;~)*yscale; 
yO=(getvalue(s,'YZERO', ';')*yscale-ym*getvalue(~,~YOFF~,~;~))+yoff; 
imin=max(fix((xlim(l)-xO)/xm+l),l); 
imax=min(fix((xlim(2)-xO)/xm+l),npts); 
imax=max(imax,imin) ; 
x=(xO+(imin-l)*xm) :xm:(xO+(imax-l)*xm); 
hl=findstr(s,':CURVE'); 
kl=h1+6; 
% to = clock; 
y=sscanf(s(kl:l),'%g,%g,~,imax); 
y=y(imin:imax); 
% etime(clock,tO) 
y=ym*y'+yO; 
kl=findstr(s,'WFID')+6; 
k2=findstr(s(kl:length(s)),'111); 
k2=min(k2,50-length(fullname))+kl-2; 

L 
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c 

title=s(kl:k2); 
header=str2mat(header,title,wrap(s(l:hi-i),10,74,0)); 
% 
% Hewlett Packard 54111 data files (from Lotus data acquisition) 
% 

elseif strcmp(s(l:6),'ASCII:') 
s=[s,fscanf(fid,t%cV,102400)]; 
l=length(s); 
fclosetfid); 
cr=findstr(s,setstr(l3) ); 
nlh=getvalue(s(l:cr(l)),~ASCII:~,~,~); 
last=getvalue(s(cr(nlh-2):cr(nlh-l)),'-',setstr(i3)); 
first=getvalue(s(cr(nlh-2):cr(nlh-l)),'points:',t-1); 
npts=last-firstil; 
xm=getvalue(s,'xinc=',setstr(l3))*xscale; 
xO=getvalue(s,~xO=~, setstr(l3) )*xscale+xoff; 
ym=getvalue(s,'yinc=',setstr(l3))*yscale; 
yO=getvalue(s, 'yO=', setstr(l3))*yscale+yoff; 
imin=max(fix( (xlim(l)-xO)/xm+l),l); 
imax=min(fix((xlim(2)-xO)/xm+l),npts); 
imax=max(imax,imin) ; 
x=(xO+(imin-l)*xm):xm:(xO+(imax-l)*xm); 
[y,count,ermsg,nextin~]=sscanf(s((cr(nlh)+2):l),~%u~,imax); 
% ['I' ,~((cr(nlh)+2):(cr(nlh)+20)),~l~] 
% count 
% ermsg 
% nextindx 
% size(y) 
y=y(imin:imax); 
y=ym*y'+yO; 
ln=wrap(s,57,74,57); 
header=str2mat(header,ln(7,:),ln); 
% 
% *.SPC spectra from ISA 500M spectrometer (GRAMS software) 
% 

elseif strcmp(upper(typ), 'SPC') 
% read header SPCHDR 
blockoff=l; 
header=str2mat(header,' (spectrum)', 'Instruments SA (Gramms) I); 
header=dumpvar~s,header,O,blockoff,'ftftflgs~,O,~uint~,l); 
[nrh,nch]=size(header); eval([header(nrh,:),';']); 
header=dumpvar(s,header,O,blockoff,'fversn1,l,1uint',l); 
[nrh,nch]=size(header); eval( [header(nrh,:),l;l]); 
header=dumpvar(s,header,O,blockoff,'fexper',2,'uint',l); 
[nrh,nch]=size(header); eval([header(nrh,:),1;']); 
header=dumpvar(s,header,O,blockoff,'fexp',3,'uint',l); 
[nrh,nch]=size(header); eval([header(nrh,:),';'I); 
header=dumpvar(s,header,O,blockoff,1fnptst,4,1int*41); 
[nrh,nch]=size(header); eval([header(nrh,:),l;'l); 
header=dumpvar(s,header,O,blockoff,'ffirst',8,'double1); 
[nrh,nch]=size(header); eval([header(nrh,:),';']); 
header=dumpvar~s,header,O,blockoff,'flast~,l6,~double~); 
[nrh,nch]=size(header); eval([header(nrh,:),l;'l); 
header=dumpvar(s,header,O,blockoff,'fnsub',24,'int*4'); 
[nrh,nch]=size(header); eval([header(nrh,:),l;'l); 
header=dumpvar(s,header,O,blockoff,'fxtye1,28,'uint',l); 
header=dumpvar(s,header,O,blockoff,'fytype',29,'uint',l); 
header=dumpvar(s,header,O,blockoff,'fztype',30,'uint',l); 
header=dumpvar(s,header,O,blockoff,'fpost1,3l,tuint',l); 
[nrh,nch]=size(header); eval([header(nrh,:),';']); 
header=dumpvar(s,header,O,blockoff,'fdate1,32,luint*4'); 
[nrh,nch]=size(header); eval([header(nrh,:),l;l]); 
spcmn=bitand(fdate,2^6-1); 
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spchr=bitand(bitshift(fdate,-6),2*5-l); 
spcda=bitand(bitshift(fdate,-11),2^5-1); 
spcmo=bitand(bitshift(fdate,-16),2*4-l); 
spcyr=bitand(bitshift(fdate,-20),2^12-1); 
spcdn=datenum(spcyr,spcmo,spcda,spchr,spcmn,O); 
spcdate=datestr(spcdn,2); 
spctime=datestr(spcdn,l3); 
header(2,13:32)=datestr(spcdn); 
if -quiet disp(header(l:3,:)); end; 
header=str2mat(header, ['spcdate=',spcdatel, ['spctime=',spctimel) ; 
header=dumpvar(s,header',O,blockoff,'fres',36,'string',9); 
header=dumpvar(s,header,O,blockoff,'fsourcet,45,'string',9); 
header=dumpvar(s,header,O,blockoff,'fpeakpt',54,'word'); 
header=dumpvar(s,header,O,blockoff,'fspare',56,'string',32); 
% header=dumpvar(s,header,O,blockoff,'fc~t',88,'string1,l3O); 
spcmnt=deblank(s(89:88+130)); lcmnt=length(spcmnt); 
if lcmnt>O 

lcl=fix((lcmnt+l)/2); 
spcmntl=spcmnt(l:lcl); 
if lcmnt>lcl 

spcmnt2=spcmnt(lcl+l:lcmnt); 
else 

spcmlZ2= '; 
end 

else 
spcmllt1= '; 

end 
header=str2mat(header,['fcmntl="',spcmntl,U~~t]); 
header=str2mat(header, ['fcmnt2=' ",spcmnt2,' I I I]); 
if -quiet disp( ['comment: ',spcmntl,spcmnt21); end; 
header=dumpvar(s,header,O,blockoff,'fcatxt1,2l8,1string1,3O); 
[nrh,nchl=size(header); 
if length(header(nrh,:))>g; 

spclab=deblank(header(nrh,9:nch) 1; 
lslab=length(spclab) ; 

spclab=spclab(l:lslab-1); lslab=lslab-1; 
ilbs=find(spclab==O); 
if length(ilbs)==O 

spcxlab=spclab(l:lslab); 
elseif length(ilbs)==l 

spcxlab=spclab(l:ilbs(l)-l); 
spcylab=spclab(ilbs(l)+l:lslab) 

elseif length(ilbs)==2 
spcxlab=spclab(l:ilbs(l) -1); 
spcylab=spclab(ilbs(l)+l:ilbs(2 -1) i _ . spczlab=spclab(ilbs(2)+l:lslab); 

end 
end 
if exist('spcxlab', 'var') 

if -quiet disp([lx-axis range: ',num2str(ffirst),' - ',num2str(flast)l); end; 
if -quiet disp([lx-axis label: ',spcxlabl); end 
header=str2mat(header, ['spcxlab=lll,spcxlab,""l); 

end 
if exist('spcylab', 'var') 

if -quiet disp( ['y-axis label: ',spcylabl); end; 
header=str2mat(header,['spcylab=" ',spcylab, 'I "I); 

end 
if exist('spczlab','var') 

if -quiet disp(['z-axis label: ',spczlabl) ; end; 
header=str2mat(header,['spczlab="',spczlab,""l); 

end 
header=dumpvar(s,header,O,blockoff,'flogoff',248,'int*4'); 
[nrh,nch]=size(header); eval([header(nrh,:),';'l); 
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header=dumpvar(s,header,O,blockoff,'fmods',252,'int*4'); 
header=dumpvar(s,header,O,blockoff,'fprocs1,256,'uint',l); 
header=dumpvar(s,header,O,blockoff,'flevel~,257,~uintt,l); 
header=dumpvar(s,header,O,blockoff,'fsampin',258,'word'); 
header=dumpvar(s,header,O,blockoff,'ffactor',260,'float'); 
header=dumpvar(s,header,O,blockoff,'fmethod~,264,'string',48); 
header=dumpvar(s,header,O,blockoff,'fzinc',312,'float'); 
header=dumpvar(s,header,O,blockoff,'fwplanes',316,'int*4'); 
header=dumpvar(s,header,O,blockoff,'fwinc',320,'float'); 
header=dumpvar(s,header,O,blockoff,'fwtype',324,'uint',l); 
header=dumpvar(s,header,O,blockoff,'freserv',325,'string',l87); 

% read x-values 
blockoff=513; fseek(fid,blockoff-l,'bof'); 
x=fread(fid,fnpts,'float')*xscale+xoff; 

% x=2^(fexp-32)*fread(fid,fnpts,'int32')*xscale+xoff; 
if all([abs((ffirst-x(l))/ffirst)>le-7,abs((ffirst-x(fnpts))/ffirst)>le-7]) 

if -quiet disp('First x-value different from header.'); end 
return; 

end 
if all([abs((flast-x(fnpts))/flast)~le-7,abs((flast-x(l))/flast)~le-7]) 

if -quiet disp('Last x-value different from header.'); end; 
return; 

end 
% read sub header 
blockoff=blockoff+4*fnpts; 

s=fscanf(fid,'%c',32); 
header=dumpvar(s,header,O,Ol 
[nrh,nch]=size(header); eval 
header=dumpvar(s,header,O,Ol 
[nrh,nch]=size(header); eval 
header=dumpvar(s,header,O,Ol 
[nrh,nch]=size(header); eval 

'subflgs' , O,'uint',l ); 
[header(nrh,:),';'I); 
'subexp' , l,'uint',l ); 
[header(nrh,:),';'I); 
'subindx' , 2,'word' ); 

([header(nrh,:),';'J); 
header=dumpvar(s,header,O,Ol,'subtime' , 4,lfloat' 
[nrh,nch]=size(header); eval([header(nrh,:),l;'l); 

header=dumpvar(s,header,O,Ol, 'subnext' , 8,'float' 
header=dumpvar(s,header,O,Ol, 'subnois' ,12,'float' 
header=dumpvar(s,header,O,Ol, 'subnpts' 116, 'int*4' 
header=dumpvar(s,header,O,Ol, 'subscan' ,20,'int*4' 
header=dumpvar(s,header,O,Ol,tsubwlevel~,24,tfloat~ 
header=dumpvar(s,header,O,Ol, 'subresv' ,28,'string',4); 

% read y-values 
blockoff=blockoff+32; 

y=2^(subexp-32)*fread(fid,fnpts,'int32')*yscale+yoff; 
if cosmic 

y2=y(4:fnpts); 
if cosmic>0 

[y2,yfc,ibad]=cosmicut(y2,cosmic); 
else 

[y2,yfc,ibad]=cosmicut(y2); 
end 
y=[y(1:3) iy21; 
lbad=min(50,length(ibad)); 
if Ibad> 

disp('cosmic rays removed at x = I); 
disp(x(ibad(l:lbad)) ); 

end c end 
% read log header 
blockoff=blockoff+fnpts*4; v s=fscanf(fid,'%c',64); 

header=dumpvar(s,header,O,Ol,'logsizd' , O,'int*4'); 
[nrh,nch]=size(header); eval( [header(nrh,:), ‘;‘I); 
spcsize=flogoff+logsizd; 
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if -quiet disp( ['size: ',num2str(spcsize),' bytes'] 1; end; 
header=dumpvar(s,header,O,Ol,'logsizml , 4,'int*4'); 
header=dumpvar(s,header,O,Ol,~logtxto~ , 8,'int*4'); 
[nrh,nchl=size(header); eval( [header(nrh,:),';'l); 
header=dumpvar(s,header,O,Ol,llogbins' ,12,'int*4'); 
[nrh,nchl=size(header); eval([header(nrh,:),l;'l); 
header=dumpvar(s,header,O,Ol, 'logdsks' ,16,'float'); 
[nrh,nch]=size(header); eval( [header(nrh,:),';l]); 
header=dumpvar(s,header,O,O1,llogspar' 20,'string',44); 
header=str2mat(header,['spcsize=',num2st~(spcsize)l) ; 
% read log values 
blockoff=blockoff+64; 
s=fscanf(fid, '%c',logsizd-64); 
logtxt=s(logtxto-64+l:logsizd-64); 
llog=find(logtxt==O); 
if llog>O 

logtxt=logtxt(l:llog(l)-1); 
crlog=find(logtxt==l3); 
if length(crlog)>O 

icrl=l; 
for icr=crlog 

if icr-icrlc=nch 
header=str2mat(header,logtxt(icrl:icr-1)); 

else 
header=str2mat(header,logtxt(icrl:icrl+nch-l),... 
logtxt(icrl+nch:icr-1)); 

end 
icrl=icr+2; 

end 
else 

disp('No end-of-lines (13) found in log text.'); 
end 

else disp('No end-of-text (0) found in log text.'); 
end 
fclose(fid) ; 
% 
%spectra from Anita's spectrometer 
% 

elseif strcmp(s(17:23),'0.00000') 
s=[s,fscanf(fid,'%c~,lO2400~]; 
fclose(fid); 
spec=sscanf(s, '%g%g', [2,1152] 1; 
n=length(spec(l,:)); 
x=spec(l,:); 
if (invertsp) 

y=spec(2,n:-l:l); 
else 

y=spec(2,:); 
end 
header=str2mat(header,' (spectrum, AnitaI's) '1; 
% 
%BH loops from KJS Associates (via Bruce Kelley & Doug Adkins) 
% 

elseif strcmp(s(l:6),'Header') 
if strcmp(s(9:13), 'Label') ) all(s(20:26)==char(l96)) 

ls=length(s); 
s=[s,fscanf(fid,'%c',6000)]; 
l=length(s) ; 
ns=findstr(s,'Data Points'); 
crnext=findstr(s(ns:ns+l8O),setstr(l3)); 
if all(s(20:26)==char(l96)) 

ns=ns+crnext(3)+1; 
fseek(fid,ns,-1); 
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bh=fscanf(fid,'%g :%g~,[2,1024000]); 
else 

ns=ns+crnext(2)+1; 
fseek(fid,ns,-1); 
bh=fscanf(fid,~%g:%g~,[2,1024000] ); 

end 
fclose(fid); 

% disp(['l', s(ns:ns+25),l11]) 
[n,nc]=size(bh); 

x=bh(l, :) ; 
y=bh(2,:); 
header=str2mat(header,' (BH loop) I); 
head2=wrap(s(l:ns-2),100,80,100); 
header=str2mat(header,head2); 

end 
% 
%DADISP single column version 1 (Mitch) 
% 

elseif strcmp(s(l:4),' I) & cr(l)==21; 
s=[s,fscanf(fid,1%c~,102400) 1; 
fclose(fid) ; 
y=sscanf(s,'%g'); 
npts=length(y); 
imin=fix(max(xlim(l)-xoff,O)/xscale)+l; 
imax=fix(min((xlim(2)-xoff)/xscale+l,npts)); 
imax=max(imax,imin); 
x=(xoff+(imin-l)*xscale):xscale:(xoff+(imax-l)*xscale); 
y=y(imin:imax)*yscale+yoff; 
header=str2mat(header,' (DADISP column) I); 
% 
%DADISP single column version 2(Gary) 
% 

elseif strcmp(s(l:7),'DATASET'); 
s=[s,fscanf(fid,'%c~,lO2400)]; 
fclose(fid); 
header=str2mat(header,' (DADISP column version 2) I); 
header=str2mat(header,s(l:cr(l)-1) ); 

for i=1:14 
header=str2mat(header,s(cr(i)+2:cr(i+l) -1) ); 

end 
y=sscanf(s(cr(l5)+2:length(s)),'%g'); 

npts=length(y) 
interval=sscanf(s(cr(7)+lO:cr(8)),'%g') 
x offset=sscanf(s(cr(8)+10:cr(9)),'%g1) 
i~in=fix(max(xlim(l)-(xoff+x~offset*xscale),O)/(xscale*inte~al)+l); 
imax=fix(min((xlim(2)-(xoff+x_offset*xscts)); 
imax=max(imax,imin) ; 
x=((xoff+x~offset*xscale)+(imin-l)*xscale*inte~al) :xscale*interval:... 
((xoff+x offset*xscale)+(imax-l)*xscale*interval) ; 
y=y(iminYimax)*yscale+yoff; 
% 
%DADISP double column 
% 

elseif strcmp(s(l),' ')& strcmp(s(21),' I) & cr(l)==41 
s=[s,fscanf(fid,'%c',lO2400)]; 
fclose(fid); 
m=sscanf(s,'%g%g',[2,length(cr) I); 
x=m(l,:)*xscale+xoff; 
[m,imin]=min(abs(x-xlim(1)) ); 
if (m==inf) 

imin=l; 
end 
[m,imax]=min(abs(x-xlim(2)) ); 
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if (m==inf) imax=length(x); end; 
x=x(imin:imax); 
y=m(2,imin:imax)*yscale+yoff; 
header=str2mat(header,' (PPat 2 columns) I); 
% 
% LeCroy 
% 

elseif strcmp(s(str2num(s(2))+3:str2num(s(2))+10),'WAVEDESC1) 
blockoff=str2num(s(2))+3; 
filesize=str2num(s(3:blockoff-1)); 
tfname=tempname; 
tfid=fopen(tfname,'w+'); 
maxheadcol=60; 
l=length(fullname); 
shortname=fullname(max(l,l-maxheadcol+l) :l); 
header=dumpvar(s,header,tfid,blockoff,'template',l6,'string',lO); 
header=dumpvar(s,header,tfid,blockoff,'comt~e1,32,'int*2'); 
[nrh,nch]=size(header); 
eval( [headertnrh, :), I;']); 
stemp=[tlUbyteO1';ll'word"']; 
comtyp=comtype; 
header(nrh,9:14)=stemp(comtype+l,:); 
header=dumpvar(s,header,tfid,blockoff,'comord1,34,'int*2'); 
[nrh,nch]=size(header); 
eval( [header(nrh,:),';']); 
stemp=[ "'hifirst'~';~~'lofirst"']; 
header(nrh,8:16)=stemp(comord+l,:); 
header=dumpvar(s,header,tfid,blockoff,'ndesc1,36,tlong1); 
header=dumpvar(s,header,tfid,blockoff,'nuser',40,'long'); 
header=dumpvar(s,header,tfid,blockoff,'nresdesc',44,'long'); 
header=dumpvar(s,header,tfid,blockoff,'ntrig',48,'long'); 
header=dumpvar(s,header,tfid,blockoff,'nrise',52,1long1); 
header=dumpvar(s,header,tfid,blockoff,'nresl',56,'long'); 
header=dumpvar(s,header,tfid,blockoff,1nwavelt,60,'long'); 
header=dumpvar(s,header,tfid,blockoff,'nwave2',64,ilong1); 
header=dumpvar(s,header,tfid,blockoff,'nres2',68,'long'); 
header=dumpvar(s,header,tfid,blockoff,'nres3',72,'long'); 
header=dumpvar(s,header,tfid,blockoff,'instrname1,76,'string1,l6) ; 
header=dumpvar(s,header,tfid,blockoff,'serialnum1,92,'long'); 
header=dumpvar(s,header,tfid,blockoff,'tracelabt,96,'string',l6); 
header=dumpvar(s,header,tfid,blockoff,'rwl1,112,'int*2'); 
header=dumpvar(s,header,tfid,blockoff,'rw2',114,'int*2'); 
header=dumpvar(s,header,tfid,blockoff,'nwavepts',ll6,tlong'); 
header=dumpvar(s,header,tfid,blockoff,'pps',l20,'long'); 
header=dumpvar(s,header,tfid,blockoff,'firstp',124,'long'); 

* header=dumpvar(s,header,tfid,blockoff,1lastp~,l28,'long'); 
header=dumpvar(s,header,tfid,blockoff,'firstpoff',l32,'long'); 
header=dumpvar(s,header,tfid,blockoff,'sparsefact',l36,1long'); 
header=dumpvar(s,header,tfid,blockoff,'segindex1,l40,'long'); 
header=dumpvar(s,header,tfid,blockoff,'nsubarray',144,'long'); 
header=dumpvar(s,header,tfid,blockoff,'swperacq',l48,'long'); 
header=dumpvar(s,header,tfid,blockoff,1obsol',152,~long~); 
header=dumpvar(s,header,tfid,blockoff,'vgain',l56,'float'); 
header=dumpvar(s,header,tfid,blockoff,'voff',l60,'float'); 
header=dumpvar(s,header,tfid,blockoff,'maxva1',164,'float'); 
header=dumpvar(s,header,tfid,blockoff,'minval',168,'float'); 
header=dumpvar(s,header,tfid,blockoff,'nombits',l72,'int*2'); 
header=dumpvar(s,header,tfid,blockoff,'nomsub1,174,'int*2'); 
header=dumpvar(s,header,tfid,blockoff,'hzint',176,'float1); 
header=dumpvar(s,header,tfid,blockoff,'hzoff',l80,'double'); 
header=dumpvar(s,header,tfid,blockoff,'pixoff',l88,'double'); 
header=dumpvar(s,header,tfid,blockoff,'vunit',l96,'stringt,48); 
header=dumpvar(s,header,tfid,blockoff,'hunit',244,'string',48); 
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header=dumpvar(s,header,tfid,blockoff,'rw3',292,'int*2'); 
header=dumpvar(s,header,tfid,blockoff,'rw4',294,'int*2'); 
header=dumpvar(s,header,tfid,blockoff,'trigtsec',296,'double'); 
header=dumpvar(s,header,tfid,blockoff,1trigtmin',304,1byte1); 
header=dumpvar(s,header,tfid,blockoff,'trigthr',305,'byte'); 
header=dumpvar(s,header,tfid,blockoff,'trigtday1,3O6,1byte'); 
header=dumpvar(s,header,tfid,blockoff,'trigtmon',307,'byte'); 
header=dumpvar(s,header,tfid,blockoff,1trigtyr',3O8,'int*2'); 
header=dumpvar(s,header,tfid,blockoff,'acqdur1,3l2,'float'); 
header=dumpvar(s,header,tfid,blockoff,'rect~e',316,'int*2'); 
[nrh,nch]=size(header); 
eval( [headerlnrh,:), I;']); 
stemp=str2mat('single sweep','interleave','histogram','trendt,... 

'filter coef.', 'complex', ‘extrema’, 'sequence ohs'); 
header(nrh,9:22)=[tU",stemp(rectype+l,:),11'U]; - 
header=dumpvar(s,header,tfid,blockoff,'procdone1,3l8,'int*2'); 
[nrh,nch]=size(header); 
eval( [headertnrh,:), I;']); 
stemp=str2mat('none','fir filer', 'interpolated', 'sparsed', 'autoscaledl,... 

'no result~,~rolling~,'cumulative~); 
header(nrh,l0:23)=['"',stemp(procdone+l,:),t~~~]; 
header=dumpvar(s,header,tfid,blockoff,'rw5',320,'int*2'); 
header=dumpvar(s,header,tfid,blockoff,'riss~s1,322,'int*2'); 
header=dumpvar(s,header,tfid,blockoff,'timebase',324,'int*2'); 
[nrh,nch]=size(header); 
eval( [headertnrh, :), I;']); 
s125='125'; 
tmp3=fix(timebase/3); 
tbase=[ttimebase=1~~,sl25(timebase+l-tmp3*3),1e~,num2str(tmp3-l2),~ sec/divllU]; 
header=str2mat(header(l:nrh-l,:),tbase); 
header=dumpvar(s,header,tfid,blockoff,'vertcoup',326,tint*21); 
[nrh,nch]=size(header); 
eval( [header(nrh,:),';']); 
stemp=str2mat('DC 50 Ohm','ground','DC 1 MOhm','ground','AC 1 MOhm'); 
header(nrh,10:20)=['"',stemp(vertcoup+l,:),1111]; 
header=dumpvar(s,header,tfid,blockoff,1probatt',328,1floatt); 
header=dumpvar(s,header,tfid,blockoff,'fvgain1,332,'int*2'); 
[nrh,nch]=size(header); 
eval([header(nrh,:),';']); 
tmp3=fix(fvgain/3); 
temps=['fvgain=" 1 ,s125(fvgain+l-tmp3*3),'e',num2str(tmp3-6),t V/divlll]; 
header=str2mat(header(l:nrh-l,:),temps); 
header=dumpvar(s,header,tfid,blockoff,'bwlim',334,'int*2'); 
[nrh,nch]=size(header); 
eval( [headertnrh,:), ';'I); 
stemp=str2mat('on1,'off'); 
header(nrh,7:ll)=['~",stemp(bwlim+l,: 1 
header=dumpvar(s,header,tfid,blockoff, 
header=dumpvar(s,header,tfid,blockoff, 
header=dumpvar(s,header,tfid,blockoff, 
[nrh,nch]=size(header); 
eval( [headertnrh,:), ';'I); 

!I,,]. 

;ertvern',336,0float'); 
avertoff' ,340,'float'); 
wavesrc' ,344,'int*2'); 

stemp=str2mat('channel l','channel 2','channel 
header(nrh,9:19)=['~",stemp(wavesrc+l,:),0~~t 
fclosettfid); 

]yf 
'channel 4l,' unknown?'); 

i eval( ['delete ',tfnamel); 
[nheadrow,nheadcol]=size(header); 
for i=2:nheadrow 

eval([header(i,:),l;l]); 
end 
if hzintcmindelt 

compfact=fix(mindelt/hzint); 
hzintlim=hzint*compfact; 
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hzofflim=hzint*round(compfact/2); 
if -quiet disp([' Data compressed by a factor of 1,num2str(compfact)l); end; 
if -quiet disp(' (See "mindelt" in "help showdefs".) 'I; end; 

else 
compfact=l; 
hzintlim=hzint; 
hzofflim=O; 

end 
if -quiet disp([' Retrieved data temporal resolution =I,... 

num2str(hzintlim),' s/pt'J); end; 
if -quiet disp(' Scope settings:'); end; 
if -quiet disp([' ',tbase,' (IO div = full scale) '1); end; 
vpdiv=vgain*(maxval-minval+l)/8; 
if -quiet disp([' vertical amplitude was: I,... 

num2str(vpdiv),' V/div (full scale = l,... 
num2str(-vpdiv*4-avertoff),' to 1 ,num2str(vpdiv*4-avertoff),' V )'I); end; 

if -quiet disp( 1' vertical offset was: ',num2str(avertoff),' V1]); end; 
time=sprintf(1%2d:%2d:%2.2g',trigthr,trigthr,trigtmin,trigts~c); 
time=strrep(time,' ','O'); 
date=sprintf(1%2d/%2d/%2d~,trigtmon,trigtday,mod(trigtyr,lOO)); 
date=strrep(date,' ','O'); 
lin=length(instrname) ; 
serial=num2str(serialnum,lO); 
lsn=length(serial); 
lsnl=max(lsn,l); 
title=['s' ,serial(lsnl:lsnl),1ch',wavesrc(9),' ',time,' ',datel; 
header=str2mat(shortname,title,header(2:nheadrow,:)); 
nheadrow=nheadrow+2; 
if (nuser-=O) 

usertext=dumpstr(s,blockoff+ndesc,l,nuserI; 
header=str2mat(header,wrap(usertext,3O,max(nheadcol,maxheadcol~,5O)); 
[nheadrow,nheadcoll=size(header); 

end 
imin=fix(max(xlim(l)-hzoff,O)/hzint)+l; 
imax=fix(min((xlim(2)-hzoff)/hzint+l,nwavepts)); 
imax=max(imax,imin) ; 
nt=O; 
if fix(ntrig/l6)>0 

fseek(fid,blockoff+ndesc+nuser+nresdesc-l,'bof'); 
triggers=fread(fid,ntrig/8,'double1); 
triggers=[triggers(l:2:ntrig/8)';triggers(2:2:ntrig/8) ';l:ntrig/l61 I; 
alltrig=triggers; 
nt=size(triggers,l); 
nppt=nwavepts/nt; 
if -quiet 

disp([' Sequenced data: ',num2str(nt),' events, ',num2str(nppt),'... 
pts/event, I, num2str(nwavepts),' pts, '1); 

disp([' extends from I,... 
num2str(triggers(l,l)+triggers(l,2~~,1 to I,... 
num2str(triggers(nt,l)+triggers(nt,2)+nppt*hzint),1 seconds.'l); 

disp([' Total acquire time was ',num2str(acqdur),' seconds.ll); 
end; 
tl=fix((imin-2+nppt)/nppt+l); 
t2=fix(imax/nppt); 
if length(svin==l) & svinctl svin=tl; end; 
t2=min(t2,max(svin)); 
tl=max(l,min(max(tl,min(svin)),t2)); 
if (t2>=tl) 

sv=setdiff(svin,find(tl>svin(t2<svin)); 
if envel 

% ignore x-values for envelope data processing 
x=[l; 

else 
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if (length(sv)*nppt>l.2e6) 
disp('This takes too long. Number of points limited to 1.2e6'); 
sv=sv(l:fix(l.2e6/nppt)+l); % return; 

end 
x=[l i 
for t=sv 

x=[x,triggers(t,l)+triggers(t,2)+(round(compfact/2)... 
:compfact:(nppt-l+round(compfact/2)))*hzintl; 

end 
imin=nppt*(tl-l)+l; 
imax=nppt*t2; 

end 
triggers=triggers(sv,:); 

else 
if (imax-imin>l.2e6) 

disp('This takes too long. Number of points limited to 1.2e6'); 
imax=imin+l.2e6; 

end 
t=fix( (imin-l)/nppt)+l; 
x0=triggers(t,l)+triggers(t,2)+(imin-l-nppt*~t-l))*hzint; 
x=(x0+hzofflim):hzintlim:(xO+hzofflim+(imax-imin)*hzint); 

i)*hzint-hzofflim); 

triggers=triggers(t,:); 
t1=t;t2=t;sv=t1:t2; 
nppt=length(x) ; 

end 
else 

x=(hzoff+(imin-l)*hzint+hzofflim):hzintlim:(hzoff+ (imax- 
end 
dataoff=blockoff+ndesc+nuser+nresdesc+ntrig+nrise+nresl-l; 
prec=['schar';'short']; 
iprec=comtyp+l; 
y=[l; 
if (imax>=imin) 

if (nte=O) 
if (imax-imin>l.2e6) 

i 

disp('This will take too long to read. The array is limited to 1.2e6 points.'); 
imax=imin+l.2e6; 

% return; 
end 
fseek(fid,dataoff+(imin-l)*(comtyp+l),'bofl); 
y=fread(fid,imax-imin+l,prec(iprec,:)); 
if compfact>l 

ytemp=y(l:compfact:imax-imin+l+l-compfact); 
for icf=2:compfact 

ytemp=ytemp+y(icf:compfact:imax-imin+l+icf-compfact); 
end 
y=ytemp/compfact; 

end 
else 

if envel 
%save envelope data 

par.fn=fn; par.npts=nwavepts; par.nppe=nppt; 
if ncpe==O ncpe=nppt; end; 
nppc=nppt/ncpe; 
par.nevs=nt; par.evmin=min(sv); par.evmax=max(sv); 
nppc2=nppc; ncpe2=ncpe; nsv=size(sv,2); x=[l; y=[l; iev=[ll; 
sumy=O; sumy2=0; navg=O; 
for it=l:nsv 

t=sv(it); 
xtemp=alltrig(t,l)+alltrig(t,2)+(O:nppt-l)*hzint; 
il=(alltrig(t,3)-l)*nppt*iprec; fseek(fid,dataoff+il,'bof'); 
ytemp=fread(fid,nppt,prec(iprec,:)) '*vgain*yscale-voff*yscale+yoff; 
[xtemp2,ytemp2,nppc2,envoff]=envelopl(xtemp,ytemp,t,it,nppt,... 
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fix(.5+(nppc+3*nppc2)/4),fix(.76+(ncpe+3*ncpe2)/4),5); 
x=[x,xtemp2]; y=[y,ytemp2]; iev=[iev,length(xtemp2)] ; 
neppc=size(envoff,2); ncpe3=length(xtemp2)/neppc; 
if(ncpe3-=O) ncpe2=ncpe3; end 
sumy=sumy+sum(ytemp); sumy2=sumy2tsum(ytemp.*ytemp); 

end 
navg=nsv*nppt; par.nppc=nppc2; iev=cumsum(iev); 
par.yavg=sumy/navg; par.yrms=sqrt(sumy2/navg); par.navg=navg; 
par.envoff=envoff; 

else 
for t=sv 

il=(alltrig(t,3)-l)*nppt*iprec; fseek(fid,dataoff+il,'bof'); 
ytemp2=fread(fid,nppt,prec(iprec,:)) I; 
if compfact>l 

ytemp=ytemp2(1:compfact:nppt+l-compfact); 
for icf=2:compfact 

ytemp=ytemp+ytemp2(icf:compfact:nppt+icf-compfact); 
end 
y=[y ytemp/compfact]; 

else 
Y=[Y ytemp21; 

end 
end 

end 
end 
if -isempty(yenvel y=y*vgain*yscale-voff*yscale+yoff; end 

else 

end"'; 
x=x*xscale+xoff; 
if exist ( 1 triggers I , ‘var’ ) 

triggers ( : , 1:2)=triggers(:, 1:2)*xscale+xoff; 
alltrig(:, 1:2)=alltrig(:, 1:2)*xscale+xoff; 

end 
Y'Y' i 
fclosetfid) ; 

else 
fclosetfid) ; 
% 
%invalid file type 
% 
disp(['***** The file, ',fullname]) 
disp('***** was not recognized as valid data file type. *****I) 
disp(l I) 
disp('Valid file types are: TEK SCD, HP 54111, TEK TDS, LeCroy 9384L, spectra,') 
disp('DADisp column, and PPat 2 column.') 
disp(l Files from TEK TDS must be converted to ASCII (.ASC) with al) 
disp('routine called CNVRTWFM.') 

end 
eltime=toc; 
if eltimes5 disp(['Elapsed time = ',num2str(eltime),' seconds.']); end 

3 

b 
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PLOTDATA - plot data acquired with getdata for higher level plotcurv and plotshif 

%hans=dotdata(x,y,h, [xmin,xmax],[xs,xo,ys,yo],triggers,sv,offlab,trigpar) 
% fjz 12/14/00 
% 
% plots y vs. x. Called by PCSS plot routines "plotcurv", "addcurve", d % "plotlist", "plotshif", tUmatxplot", . . . These use ltgetdatall to input 
% and scale x and y and llplotdatalt to create plots with the parameters 
% shown in 10showdefslV. 

* % 
% x,y = arrays of x and y coordinates to be plotted. 
% h = an optional matrix of text from the data file. 
% [xmin,xmax] = an optional range for the scaled x values in the plot. 
% [xs,xo,ys,yo] = an optional array of scale factors. 
% If included, they scale the plotted values X and Y: 
% x=x*xs+xo 
% y=y*ys+yo 
% (This scaling is applied after the default PCSS scaling 
% and before integration. Use global variable l'inteshiftl' 
% for a y-offset after integration. See showdefs.) 
% triggers = a 3 column array (table) of trigger times, offsets, 
% and event # for sequenced data 
% sv = a list of events for sequenced data (LeCroy). 
% offlab = start times are multiplied by lBofflabel'l 
% will be printed to the left of each curve 
% trigpar = the parameters to synchronize the curves at a new trigger 
% point following the start of each curve (event). 
% "trig" is a structured variable with fields for arguments of 
% l'digtrigl': trig.level, trig-slope, trig.slim, trig.holdoff, 
% trig.xres, trig.minper, trig.prefilter 
% hans = the handles for the plotted curves 

I % 
% colors & line styles 
% r red solid 
% g green dotted 
% b blue -. dashdot 
% C cyan -- dashed 
% m magenta point 
% Y yellow 0 circle 
% k black X x-mark 
% + plus 
% * star ' 
% colors='rgbcmyk' is a global variable defined by pcssdefs. 
% 
%hans=plotdata(x,y,h, [xmin,xmax], [xs,xo,ys,yol,triggers,sv,offlab,trigpar) 
function p=plotdata(x,y,h,xlim,f,triggers,sv,offlab,tp) 
global ptitle xlab ylab integrate curvecolor curvestyle curvecount inteshift colors; 
if -exist('x', 'var') 1 notarg(x,O) I -exist('y','var') I notarg(y,O) 

disp('x & y values must be passed to "plotdata". Exiting . ..I). p=[]; return; end; 
if -exist('xlim','var') I notarg(xlim,O) xlim=[]; end; 
if -exist('f','var') I notarg(f,O) f=[]; end; 
if -exist('triggers', lvarl) I notarg(triggers) triggers=[] ; end; 
if -exist('sv','var') I notarg(sv) sv=[]; end; 
if -exist(loffl','varl) I notarg(off1) offl=O; end; 
if -exist('tp','var') I notarg(tp) tp=[l; end; 

I %colors='mcrgbywk' set with PCSSDEFS 
ncolr=length(colors) ; 
.&.tyles=[‘- 1;‘: ‘;I-*‘;I--‘;I* I;‘0 ‘;‘x ‘;I+ ‘;I* I]; 

-n if length(curvecolor)==O 
colr=colors(rem(curvecount-l,ncolr)+l); 

else 
colr=curvecolor; 

end 
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if length(curvestyle)==O 
styl=styles(rem(curvecount-1,4)+1,:); 

elseif strcmp(upper(curvestyle(l:l)),'P') 
styl=styles(rem(curvecount-1,5)+5,:); 

elseif strcmp(upper(curvestyle(l:l)),'L') 
styl=styles(rem(curvecount-1,4)+1,:); 

else 
styl=curVeStyle; 

end 
n=length(x); 
imin=l; imax=n; 
if size(f,2)==4 

xs=f(l,l); xo2=f(1,2); ys=f(1,3); yo=f(1,4); 
else 

xs=1; x02=0; ys=l; yo=o; 
end 
if (length(xlim)==2) 

xmin=(xlim(l)-xo)/xs; Xmax=(xlim(2)-xo)/xs; 
for i=l:n 

if (x(i)< xmin) imin=i+l; end; 
if (x(i) c=xmax) imax=i; end; 

end 
if (imaxc=imin) imin=l; imax=n; end; 

end 
iminsav=imin; imaxsav=imax; 
seqnote=' I; seqoff=l'; 
if -isempty(triggers) & -isempty 
nt=size(triggers,l); 
nppt=length(x)/nt; 

nev=length(sv) ; 
s=Il i 
for i=l:nev 

s=[s,find(triggers(:,3)==sv(i))]; 
end 

if (length(s)==O) 
if min(sv(:))>max(triggers(:,3)) s=nt; end 
if max(sv(:))cmin(triggers(:,3)) s=l; end 

end 
nev=min(nev,length(s)) ; 

imin=max(imin, (s(l)-l)*nppt+l); 
imax=min(imax,s(l)*nppt); 

if -isempty 
[itr,xtr]=digtrig(x(imin: imax) ,y(imin:imax),tp); 
if -isempty(xtr) x0=-xs*xtr(l)+xo2; 
else x0=-xs*x(imin)+xo2; 
end; 

else 
x0=-xs*x(imin .)+x02; %- 

end; 
if nev==l 

seqnote=[ 
elseif nevc4 

triggers(s(l),2) 

seqnote=['#',sprintf('%i ',triggers(s(l:nev),3))1; 
elseif (abs(triggers(s(nev),3) -triggers(s(l),3))+1)/nev==l 

seqnote=[~#~,num2str(triggers(s(l),3)),' to 
~,num2str(triggers(s(nev),3))1: 
elseif abs(triggers(s(nev),3)-triggers(s(l),3))/(nsV-l)=~... 

abs(triggers(s(2),3)-triggers(s(l),3)) 
seqnote=[~#1,num2str(triggerso,3)),3)),' to ' ,num2str(triggers(s(nev),3)),... 

' by ' ,num2str(triggers(s(2),3)-triggers(s(1) ,3))1; 
elseif nev<ll 

seqnote=['#',sprintf('%i 1,triggers(s(l:nev),3))1; 
else 

7 

0 
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seqnote=[~#1,num2str(triggers(s(l),3)),' to I,... 
num2str(triggers(s(nev),3)),' by ?'I; 

end 
seqoff=[' at ',num2str(-x0,7),' (ev U,num2str(triggers(s(l),3)),') ‘I; 
disp([seqnote,seqoffl); 
if (size(s,2)>1) 

. if ((abs(xo)~abs(triggers(s(2),2)-triggers(s(~),2))/~0000) I offlab) 
seqoff=[l; end 

end 
b else 

x0=x02; 
end 
if integrate==0 

intnote="; 
p=plot(xs*x(imin:imax)+xo,ys*y(imin:imax)+yo, [colr,styll) i 

elseif integrate==1 
intnote=' (integ.) '; 
dx=xs*(x(imax)-x(imin) )/(imax-imin); 
p=plot (xs*x(imin:imax)+xo,... 

dx*cumsum(ys*y(imin:imax)+yo)+(curvecount-l)*inteshift, [colr,styll); 
else 

intnote=' (diff.)'; 
dx=xs*(x(imax)-x(imin) )/(imax-imin); 
p=plot(xs*x(imin:imax-i)+xo+dx/2,diff(ys*y(imin:imax)+yo)/~, [colr,stYll); 
end; 
if offlab 

axlims=axis; 
xspace=(axlims(2)-axlims(l))/60; %yspace=(axlims(4)-axlims(3))*length(s)/80: 
xofflab=xs*x(imin)+xo-xspace/5; yofflab=yo; 
text(xofflab,yofflab,sprintf('%5.3f',-xo*offlab),'HorizontalAlignment',... 

'right','color',colr); 
end 
pt=' 'i 
if length(ptitle)>O 
pt=[ptitle,' I,' ',I “Ii 
end 
if length(ptitle)>O&-strcmp(upper(pt(l:4)), 'NONE')&-strcmp(upper(pt(l:4)),'FILE') 

title([ptitle,deblank([' ',intnotel),deblank([' ',seqnotel)l): 
if -strcmp(h(l,l:7),'AddData') 

if size(h,l)>l cornlab(h(l,:),h(2,:)); end: 
end 

elseif size(h,l)>O 
if -strcmp(h(l,l:7),'AddData') 

bs=findstr(h(l,:),'\'); 
if (length(bs)>O) 

ihl=bs(length(bs) )+l; 
else 

ihl=l; 
end 
ih2=length(deblank(h(l,:))); 
if strcmp(upper(pt(l:4)),'FILE') 

title([intnote,deblank([' ',seqnotel) ,deblank( 
else 

if -strcmp(upper(pt(l:4)),'NONE') 
ttl=[intnote,deblank([' ',seqnotel) ,deblank 

deblank( [' ',h(2,:)1)1; 
nttl=min(47,length(ttl)); 
title(ttl(l:nttl)); 

end 
end 
if size(h,l)>l cornlab(h(l,:),h(2,:)): end; 

end 
end 

[’ ',h(l,ihl:ih2)1)1); 

(1' l,h(l,ihl:ih2)1),... 
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bh=O; spect=O; addd=O; 
if -isempty 

if strcmp(h(2,1:7),'(BB loo') 
bh=-1; 

end 
if strcmp(h(2,1:7),' (spectr') 

spect=-1; 
end 
if strcmp(h(l,l:7),'AddData') 

addd=-I; 
end 

end 
if addd==O 

if length(xlab)>O 
if length(xlab)==4 

if -strcmp(upper(xlab),'NONE') 
xlabel( [xlab,seqoffl); 

end 
else 

xlabel( [xlab,seqoffl); 
end 

else 
if spect==O & bh==O 
xlabel(['Time (s) ',seqoffl); 

elseif spect 
xlabel('Wavelength (nm) '1; 

elseif bh 
xlabel('Applied Field (Oe) '1 ; 

end 
end 
if length(ylab1 >O 

if length(ylab)==4 
if -strcmp(upper(ylab), 'NONE') 

ylabel(ylab) ; 
end 

else 
ylabel(ylab); 

end 
else 

if spect==O & bh==O 
ylabel('Voltage (V) '1; 

elseif spect 
ylabel('Intensity') 

elseif bh 
ylabel('Magnetic Field (kG) '1; 

end 
end 

end 
if -isempty & -isempty(triggers) 

hold on; 
rf=size(f,l); 
for i=2:length(s) 

x02=0; 
if size(f,2)==4 & rf>=i 

xs=f(i,l) ; xo2=f(i,2); ys=f(i,3); yo=f(i,4); 
end 
imin=max(iminsav, (s(i) -l)*nppt+l); 
imax=min(imaxsav,s(i)*nppt); 

if -isempty 
[itr,xtrl=digtrig(x(imin:imax),y(imin:imax),tp); 
if -isempty(xtr) x0=-xs*xtr(l)+xo2; 
else x0=-xs*x(imin)+x02; 
end; 

i 

4 
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else 
x0=-xs*x(imin)+xo2; %-triggers(s(l),2) 

end; 
disp([l seqt,num2str(i),'=',num2str(triggers(s(i),3)),... 

I t0(~,num2str(s(i)),t)=',num2str(-xo)l); 
curvecount=curvecount+l; 
if length(curvecolor)==O 

colr=colors(rem(curvecount-l,ncolr)+l); 
else 

colr=curvecolor; 
end 
if length(curvestyle)==O 

styl=styles(rem(curvecount-1,4)+1,:); 
elseif strcmp(upper(curvestyle(l:l)), 'PI) 

styl=styles(rem(curvecount-1,5)+5,:); 
elseif strcmp(upper(curvestyle(l:1)),'L') 

styl=styles(rem(curvecount-1,4)+1,:); 
else 

styl=curvestyle; 
end 

if integrate==0 
p=plot(xs*x(imin:imax)+xo,ys*y(imin:imax)+yo, [colr,styll); 

elseif integrate==1 
d.x=xs*(x(imax) -x(imin))/(imax-imin); 
p=plot(xs*x(imin:imax)+xo,... 

dx*cumsum(ys*y(imin:imax)+yo)+(curvecount-l)*inteshift, [colr,styll); 
else 

dx=xs*(x(imax)-x(imin) )/(imax-imin) ; 
p=plot(xs*x(imin:imax-l)+xo+dx/2,diff(ys*y(imin:imax)+yo)/~, [colr,styll); 

end 
if offlab 

xofflab=xs*x(imin)+xo-xspace/5; 
yofflab=yo; 
if integrate yofflab=(curvecount-l)*inteshift; end 
text(xofflab,yofflab,sprintf('%5.3ft,-xo*offlab),... 

~HorizontalAlignment','right';'color',colr) ; 
if (i==length(s)) 

if offlab==l 
startlab='start'; 

else 
startlab=['start (x 1,num2str(l/offlab),') 'I; 

end 
text(O.O1,1.001,startlab,'HorizontalAlignment~,'left',... 

'VerticalAlignment', 'bottom', 'units', 'normalized', . . . 
~color~,lk~,~FontSize',lO); 

end 
end 

end 
hold off 

end 
axisloose; 
figure(gcf); 
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ADDDATA - uses plotdata to add addition curves to an existing plot 

%han=~dddat~(x,y,[~in,xmax],[xs,xo,ys,yo],triggers,sv,offlab,trigpar) 
% fjz 12/14/00 
% 
%adds a curve to an existing plot. Similar to "plotdatal' it is 
% called by PCSS plot routines "plotcurv", "addcurve", 
% "plotlist8V, llplotshif'V, llmatxplotl', . . . These use getdata to input 
% and scale x and y and llplotdatall to create plots with the parameters 
% shown in lVshowdefsll. 
% 
% XtY 
% h 
% [xmin,xmaxl 
% rxs,x0,ys,y01 
% 
% 
% 
% 
% 

= arrays of x and y oordinates to be plotted. 
= an optional matrix of text from the data file. 
= an optional range for the scaled x values in the plot. 
= an optional array of scale factors. 
If included, they scale the plotted values X and Y: 

x=x*xs+xo 
Y=y*ysl+yo 

(This scaling is applied after the default PCSS scaling 
and before integration. Use global variable "inteshift" 

% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

for a y-offset after integration. See showdefs.) 
triggers = a 3 column array (table) of trigger times, offsets, 

and event # for sequenced data 
sv = a list of events for sequenced data (LeCroy). 

offlab = start times are multiplied by 11offlabel81 
will be printed to the left of each curve 

trigpar = the parameters to synchronize the curves at a new trigger 
point following the start of each curve (event). 
II trig" is a structured variable with fields for arguments of 

"digtrig": trig.level, trig.slope, trig.slim, trig.holdoff, 
trig.xres, trig.minper, trig.prefilter 

hans = the handles for the plotted curves 

%han=adddata(x,y,[xmin,xmax],[xs,xo,ys,yo],triggers,sv,offlab,trigpar) 
function p=adddata(x,y,xlim,factors,triggers,seq,offl,tp) 
global ptitle xlab ylab xscale yscale xoff yoff curvecolor curvestyle curvecount 
if -exist('x', Ivarl) ( notarg(x,O) 1 -exist('y','var') 1 notarg(y,O) 

disp('x & y values must be passed to 81adddata1B. Exiting . . . I); p=[]; return; end; 
if -exist('xlim','var') 1 notarg(xlim,O) xlim=[]; end; 
if -exist('factors','var') 1 notarg(factors) factors=[]; end; 
if -exist('triggers', 'var') 1 notarg(triggers) triggers=tl; end; 
if -exist('sv','var') 1 notarg(sv) sv=[l; end; 
if -exist('offl','var') 1 notarg(off1) offl=o; end; 
if -exist('tp','var') ( notarg(tp) tp=[] ; end; 
curvecount=curvecount+l; 
hold on; 
p=plotdata(x,y,str2mat('AddData',' l),xlim,factors,triggers,seq,offl,tp); 
hold off; 
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PLOTCURV - uses getdata and plotdata to build high level plots from data fdes 

%han=glotcurv(file, [xmin,xmax],[xs,xo,ys,yo],sv,offlab,trigpar) fjz 12/14/00 
% 
% plots the selected data file as a curve in a new plot. Calls PCSS 
% plotting routines to input, scale, and plot the data. 
% Default plot settings (scales, offsets, labels, color, and style) 
% are saved in global variables. See : showdefs, savedefs, loaddefs 
% Related functions: addcurv, getdata, plotdata, plotlist, matxplot 
% 
% file = an optional file name. If empty or omitted, a file menu is opened. 
% Valid file types are: TEK SCD, HP 54111, TEK TDS, LeCroy 6894, 
% spectra, DADisp column, PPat 2 column, GENerated data. Files from 

.% TEK TDS must be converted to ASCII (.ASC) with CNVRTWFM. 
% [xmin,xmax] = an optional range for the scaled x values of the curve. 
%[xs,xo,ys,yo] = an optional array of scale factors. 
% One row of factors can be included for each event for sequenced data. 
% If they are included, the plotted values X and Y will be: 
% x=x*xs+xo 
% Y=y*ys+yo 
% (This scaling is applied after the default PCSS scaling 
% and before integration. Use global variable "inteshift" 
% for a y-offset after integration. See showdefs.) 
% sv = an optional list of events for sequenced data (LeCroy). 
% If omitted, only the first event will be processed. 
% offlab = time offset multiplier. If non-zero, start times are printed 
% to the left of each curve. 
% trigpar = the parameters to synchronize the curves at a new trigger 
% point following the start of each curve (event). 
% tttrigll is a structured variable with fields for arguments of 
% "digtrig": trig.level, trig.slope, trig.slim, trig.holdoff, 
% trig.xres, trig.minper, trig.prefilter 
% han = the handle for the plot created by plotcurv (0 if no plot). 
% 
%han=plotcurv(file,[xmin,xmax],[xs,xo,ys,yo],sv,offlab,trigpar~ fjz 12/14/00 
function plothan=plotcurv(file,xlim,factors,sv,offl,tp) 
global curvecount 
if -exist('file','var') 1 notarg(file,O) file="; end; 
if -exist('xlim','var') I notarg(xlim,O) xlim=[]; end; 
if -exist('factors', 'var') I notarg(factors) factors=[] ; end; 
if -exist('sv','var') I notarg(sv) sv=[l; end; 
if -exist('offl','var') I notarg(off1) offl=O; end; 
if -exist('tp','var') I notarg(tp) tp=[]; end; 
curvecount=l; 
plothan=O; 
[x,y,l,triggers]=getdata(file,xlim,sv); 
if isempty disp('O'getdata.mll did not find a file.'); plothan=[]; return; end; 
plothan=plotdata(x,y,l,O,factors,triggers,sv,offl,tp); 
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ADDCURVE - add files (curves) to an existing plot initiated with plotcurv 

%han=~ddcunre(file,[xmin,xmax],[xs,xo,ys,yo],sv,offlab,tri~ar~ fz 12/14/00 
9; 
% adds the selected data file as a curve to an existing plot. Calls 
% PCSS plotting routines to input, scale, and plot the data. 
% Default plot settings (scales, offsets, labels, color, and style) 
% are saved in global variables. See: showdefs, savedefs, loaddefs 
% Related functions: addcurv, getdata, plotdata, plotlist, matxplot 
% 
% file = an optional file name. If empty or omitted, a file menu is opened. 
% Valid file types are: TEK SCD, HP 54111, TEK TDS, LeCroy 6894, 
% spectra, DADisp column, PPat 2 column, GENerated data. Files from 
% TEK TDS must be converted to ASCII (.ASC) with CNVRTWFM. 
% [xmin,xmax] = an optional range for the scaled x values of the curve. 
%[xs,xo,ys,yol = an optional array of scale factors. 
% One row of factors can be included for each event for sequenced data. 
% If they are included, the plotted values X and Y will be: 
% x=x*xs+xo 
% Y=y*yS+yo 
% (This scaling is applied after the default PCSS scaling 
% and before integration. Use global variable "inteshift" 
% for a y-offset after integration. See showdefs.) 
% 'I sv II = an optional list of events for sequenced data (LeCroy). 
% If omitted, only the first event will be processed. 
% offlab = time offset multiplier. If non-zero, start times are printed 
% to the left of each curve. 
% trigpar = the parameters to synchronize the curves at a new trigger 
% point following the start of each curve (event]. 
% "trig" is a structured variable with fields for arguments of 
% "digtrig": trig.level, trig.slope, trig-slim, trig.holdoff, 
% trig.xres, trig.minper, trig.prefilter 
% han = the handle for the plot created by plotcurv (0 if no plot]. 
% 
%han~addcurve(file,[~in,xmax],[xs,xo,ys,yo],sv,offlab,trigpar) fz 12/14/00 
function phan=addcurve(file,xlim,factors,seq,offl,tp) 
global ptitle xlab ylab xscale yscale xoff yoff; 
if -exist('file','var') 1 notarg(file,O) file="; end; 
if -exist('xlim','varl] I notarg(xlim,O) xlim=[] ; end; 
if -exist('factors','var') ) notarg(factors) factors=[]; end; 
if -exist('seq', 'var') 1 notarg(seq) seq=[l; end; 
if -exist('offl','var') 1 notarg(off1) offl=O; end; 
if -exist('tp','var') I notarg(tp) tp=[]; end; 
if iscell(file) file=strvcat(file); end; 
[x,y,l,triggers]=getdata(file,xlim,seq); 

phan=adddata(x,y,xlim,factors,triggers,seq,offl,tp); 
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PLOTLIST - plot multiple files (curves) using plotcurv and addcurve 

%hans=plotli~~fns,~xmin,xmaxl,[xs,xo,ys,yol,sm,offlab,trigpar~; fjz 12/14/00 
% 

I 

t 

% plots a list of curves on one graph. Calls "plotcurv". 
% 
% fns = a list or matrix which contains the file name list. 
% See: lists, getlist, makelist, fixlist, dirlist, makefns 
% to generate the list of file names 
% or enter: plotlist({~namel',~name2','name3'j,~xmin,xmaxl,...) 
% where namel, . . . are data filenames of arbitrary length. 
% [xmin,xmax] = optional limiting range of x values. 
% If [xmin,xmax] is empty or 0, it is ignored. 
% Ixs,xo,ys,yol = an optional array of scale factors and offsets for each 
% curve. There is one row for each file or event (curve). 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 

For each curve, i, the points (X,Y) are defined by: 
X = x*xs(i)+xo(i) 
Y = y*ys(i)+yo(i) 

(This scaling is applied after the default PCSS scaling 
and before integration. Use global variable "inteshiftl' 
for a y-offset after integration. See showdefs.) 

Scale factors can be defined as follows: 
[ones(10,l),zeros(10,l),ones(lO,l), [0:91 '1 

The transpose symbol (I) converts rows to columns. 
ltonesl' or lVzerosM define a column (10x1) of ones or zeros. 
0:9 defines a row (0,1,2,. ..9) for vertical offsets. 

sm = an optional "sequence matrix" or table of events for 
"sequenced" data (LeCroy) . Each row corresponds to the 

r 

.Y 

% events to be processed for each filename in the list, fn. 
% If sm is omitted, only the first event will be processed. 
% offlab = time offset multiplier. If non-zero, start times are printed 
% to the left of each curve. 
% trigpar = the parameters to synchronize the curves at a new trigger 
% point following the start of each curve (event). 
% II trig II is a structured variable with fields for arguments of 
% "digtrigl' : trig.level, trig.slope, trig.slim, trig.holdoff, 
% trig.xres, trig.minper, trig.prefilter 
% hans = the graphics handles for all the curves in the plot. 
% 
%hans=plotlist(fns, [xmin,xmax], [xs,xo,ys,yo],sm,offlab,trigpar); fjz 12/14/00 
function plothan=plotlist(mfn,xlim,fact,sv,offl,tp) 
if -exist('mfn','var') 1 notarg(mfn,O) mfn=' I; end; 
if -exist ('xlim', Ivarl) I notarg(xlim,O) xlim=[l; end; 
if -exist('fact', 'var') ( notargtfact) fact=[] ; end; 
if -exist('sv','var') I notarg(sv) sv=[l ; end; 
if -exist('offl', 'var') ( notarg(off1) offl=O; end; 
if -exist('tp','var') I notarg (tp) tp=[l; end; 
if iscell(mfn) mfn=strvcat(mfn); end; 
n=size(mfn,l); 
[rf,cf]=size(fact); 
[rs,csl=size(sv); 
if rf>=cs & Cs>O 

plothan=plotcurv(mfn(l,:),xlim,fact(l:cs,:),sv(l,:),offl,tp); 
nfused=cs; 

elseif rf>O 
plothan=plotcurv(mfn(l,:),xlim,fact(l,:),sv,offl,tp~; 
nfused=l; CS=li 

else 
plothan=plotcurv(mfn(l,:),xlim,fact,sv,offl,tp); 
nfused=l; CS=li 

end 
% add sucessive filenames to the plot 
if isempty(mfn) return; end; 
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i=2; i=2; 
while(ic=n) while(ic=n) 

addhan=O; addhan=O; 
if rs>=i seq=sv(i,:); elseif rss0 if rs>=i seq=sv(i,:); elseif rss0 seq=sv(rs,:) i else seq="; end seq=sv(rs,:) i else seq="; end 
if (rf>=nfused+cs) if (rf>=nfused+cs) 

addhan=addcurve(mfn(i,:),xlim,fact(nfused+l:nfused+cs,:),Seq,offl,tp) i addhan=addcurve(mfn(i,:),xlim,fact(nfused+l:nfused+cs,:),Seq,offl,tp) i 
nfused=nfused+cs; nfused=nfused+cs; 

elseif (rfanfused) elseif (rfanfused) 
addhan=addcurve(mfn(i,:),xlim,fact(nfused+l,:),Seq,offl,tp) i addhan=addcurve(mfn(i,:),xlim,fact(nfused+l,:),Seq,offl,tp) i 
nfused=nfused+l; nfused=nfused+l; 

else else 
addhan=addcurve(mfn(i,:),xlim,fact,sv,offl,tp~ i addhan=addcurve(mfn(i,:),xlim,fact,sv,offl,tp~ i 

end end 
plothan=[plothan addhanl;i=i+l; plothan=[plothan addhanl;i=i+l; 

end end 
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PLOTSHIF - plots multiple files (curves) shifted vertically for comparison 

%hans=plotshif(flist,shift,sm,offlab,trigpar); fjz 12/14/00 
% 
% plots a list of curves on one graph where each curve is shifted 
% by a constant vector from the previous one. Calls "plotlist". 
% 
% flist = a list or matrix (multiple rows) of data filenames. 
% See: lists, getlist, makelist, fixlist, dirlist, makefn 
% to generate the list off filenames or 
% enter: plotshif({Tname11,'name2','name3'},shift,sm) 
% where namel, . . . are filenames of arbitray lengths. 
% shift = a y offset or an [x,yl offset vector. 
% If integrating, 'linteshift" is set to "shift". See showdefs. 
% sm = an optional "sequence matrix" or table of events for 
% "sequenced" data (LeCroy). Each row corresponds to the 
% events to be processed for each filename in the list, fn. 
% If sm is omitted, only the first event will be processed. 
% offlab = time offset multiplier. If non-zero, start times are printed 
% to the left of each curve. 
% trigpar = the parameters to synchronize the curves at a new trigger 
% point following the start of each curve (event). 
% I' trig " is a structured variable with fields for arguments of 
% "digtrig": trig.level, trig.slope, trig.slim, trig.holdoff, 
% trig.xres, trig.minper, trig.prefilter 
% hans = the graphics handles for all the curves in the plot. 
% 
%hans=plotshif(flist,shift,sm,offlab,trigpar); fjz 12/14/00 
function han=plotshif(fn,sh,sv,offl,tp) 
global integrate inteshift 
if -exist('fn','var') ( notarg(fn,O) fn="; end; 
if -exist('sh','var') I notarg(sh,O) sh=[O,Ol; end; 
if -exist('sv','var') I notarg(sv,O) SV=[]; end; 
if -exist('offl','var') ) notarg(offl,O) offl=[]; end; 
if -exist('tp','var') I notarg(tp,O) tp=[l i end; 
if iscell fn=strvcat(fn{:}); end % convert cell list to a string matrix 
if length(sh)==l sh=[O shl; end; 
if integrate==1 inteshift=sh(2); sh(2)=0; end; 
if -isempty 

nf=size(sv,l)*size(sv,2); 
sf=[ones(nf,l) [O:nf-11 '*sh(l) ones(nf,l) [O:nf-ll'*sh(2)1; 

else 
if isempty disp('Plotshif must have a list of filenames. Exiting . ..I). 

han=[] ; return; end; 
[nf,cfl=size(fn); 

sf=[ones(nf,l) [O:nf-11 '*sh(l) ones(nf,l) [O:nf-11 '*sh(2)1; 
end 
hans=plotlist(fn,O,sf,sv,offl,tp); 

T 
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